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NEW 


ACKNOWLEDGMENT. 


WE give in this week’s SUPPLEMENT a variety of curious 
subjects with engravings; they are entitled: ‘“‘ Solar Aure- 
oles,” *‘ Educated Animals at Paris,” ‘‘ The Triple Picture,” 
“Pneumatic Lighting,” ‘‘A Simple Burglar Alarm,” 
“Stand for India Ink,” ‘‘ Domestic Electricity,” ‘* Optical 
Illusions,” **The Water Bell.” The engravings and de- 


scriptions are all from our valued French contemporary, Za | 


Nature. 


BRIDGE ‘ PREBISCHTHOR,” 
SAXONY. 


THE mountainous country extending from Bohemia to 
Saxony, and through which the river Elbe flows, is known 


THE NATURAL 


cial Correspondents ” merely an intensification of what has 
always been witnessed under cloudless skies, or were they 
something novel and totally different? 

It migbt indeed seem strange that, in a scientific age like 
|the present, hundreds of observers were not at once pre- 
pared with an answer; but the observations required can be 
made to advantage only under skies fairly clear from cloud 
and smoke, and in situations where the heavens are visible 
down to the horizon, 

Fortunately two sets of extended and systematic observa- 
tions of the evening and morning skies are in existence. The 
one series, published in the Zeitschrift der Ocester. Creselt- 


schaft fur Meteorologie was made by Dr. G. Helmanao, im 


as the Switzerland of Saxony, on account of the picturesque | Spain, during the years 1875 and 1876. 


and interesting formation of the rocks, hills, its numerous 
glens, ete. 

The interesting points are so numerous that the tourist is 
usually in a quandary as to where he shall go first; but in 
most cases his selection is either the Bastei, in Saxony, or 
the Prebischthor, in Bohemia, the latter being shown in the 
annexed cut taken from the Il/ustrirte Zeitung. 

The Prebischthor is a large natural bridge, which, no 
doubt, was formed by the breakers of an ocean occupying 
this part of the country during the Tertiary period. The 
opening in the natural stone wal] is 66 feet high, the width 
at the bottom 100 feet, and at the top 48 feet; the breadth of 
the top plate being 10 feet. 

An excellent view of the surrounding country can be had 
from the top of the bridge. The hotel at the bridge was 
rebuilt and enlarged lately, and is now a favorite stopping 
place for tourists. 


OBSERVATIONS ON TWILIGHT. 


WE must first here complain of the want of a word which 
exactly covers our meaning. We might have said ‘* Ob- 
servations on Dawn,” but this term is by a general conven- 
tion limited to the glow in the sky which precedes sunrise, 
excluding that which follows sunset. 

The remarkable atmospheric phenomena which were wit- 
nessed in most parts of the world during the last winter 
have, as our readers know full well, given scope for much 
discussion; but, oddly enough, for some time no one raised 
the necessary preliminary question touching the normal 
coloration of the sky at morn and eve. At last the thought 
eccurred, both to theorists and observers, that witbout a 


“ PREBISCHTHOR,” 


The author made, in the first place, determivations of the 
position of the sun at the beginning of the morning, and at 
the end of the evening twilight. He finds that the altitude 
of the sun below the horizon at the end (or the beginning in 
the morning) of astronomical twilight, though generally as- 
sumed at 18°, is not constant, but hasa very distinct yearly 
period, with a maximum in winter and a minimum ip sum- 
mer. This altitude is also greater for the morning than for 
the evening twilight, and is closely connected with the relative 
moisture of the air with which it increases. This relation 
to moisture determines probably the difference between the 
winter and the summer twilight, as well as for that be- 
tween morning and evening. The same consideration will 
doubtless explain the fact that the depth of the sun below 
the horizon for evening twilight is greater in the high lati- 
tudes than in low ones. Thus at Athens the yearly mean is 
15°9°; while in the south of Spain and on the Atlantic, be- 
tween 18° N. lat. and 20°8, lat., it is 156°. It is also smaller 
in inland districts that on the nearest s These points, 
however, require to be confirmed by further observa- 
tion. 

Not less important than these measurements of the sun’s 
altitude are the observations made on the physical progress 
of the twilight, in which a great number of physical changes 
are combined to forma typical image. In Spain, at least, 
the optical phenomena of twilight form two distinct classes, 
that of the dry and that of the rainy season. These two 
differ, however, mainly in intensity, so that we may here con- 
fine our attentionto one form—that of the wet season—as 
the more splendid and the more manifold. When the sun 
has still an altitude of 4°, there appear along the entire horizon 
various faint colorations. In the west there isa delicate yel- 
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low of about 's° in altitude, and above that a light green of 
about 1’, while above the sun, up to about 50°, the sky is of 
a shining light blue, of a rather elliptical form. In the east 
there appears a deeper green, of only 1° in altitude and 60° 
in azimuth. 

When the sun descends to 1°, the green on the western 
horizon reaches an altitude of 20° without becoming more 
intense; beneath this green, along the horizon, is an orange 
yellow stratum of about 3°, which on its lower side begins 
to change into rose, brownish red to purple violet, and ex- 
tends from south to north. In the east the green becomes 
more intense, and rises up to 6°, while immediately on the 
horizon there appear faint rose-color and yellow of about 2° 
in altitude. 

When the sun has gone down the green in the eastern sky 
extends up to 9", the yellow to 6’, and the full rose to 4°. The 


latter color is more intense on its lower side, and fades away 


SAXONY. 


into an ill-defined stratum of deep steel-blue of 14° in alti- 
tude—the beginning of the earth’s shadow. 

In the western sky the rose color has decreased; the yel- 
low takes a more orange tint; the green increases in inten- 
sity, while the pale blue descends to about 45°. 

mportant changes now take place in the east. When the 
sun is about 34° below the horizon, the deep steel bine ap- 
pears asa segment of about 1° in altitude and 75° in azimuth. 
The superimposed rose has become deeper, and extends to 
10°, while the yellow and green have generally entirely dis- 
appeared. 


As the sun sinks deeper the rose color takes a more purple 
tone, and the margin of the dark segment turns violet, while 
this segment itself becomes lighter, and changes from steel 
blue to an ash gray. These colorations ofthe eastern 
heavens above the earth’s shadow are known as the ‘‘ counter- 
dawn,” and vary in {their altitude with the moisture of the 
atmosphere, extending higher as it increases. Onan average 
the boundary arc of the earth’s shadow can be observed u 
to an altitude of 15°; the segment then extends in azimut 
for 150°, when the sun is 46 below the horizon. The super- 
incumbent rose disappears generally at an altitude of 25°, 
while the sun has descended to4°9 below the horizon. The 
so-called ‘* civil twilight ’—as distinguished from the astrono- 
mical twilight—is then at an end. 

In the western heavens the orange yellow band of 3° in 
altitude remains unaltered; the brownish red below it dis- 
appears entirely, and the green extends only to 8°. When 
the sun is 3°8° below the horizon, the sky takes a rosy cast 
up to 25°; this color becomes more decided, and extends, so 
that a rosy red segment of about 40° is superimposed upon 


the lower strata, and attains its greatest intensity of color 
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when thesun has sunk to 4°3°, at the spot where the first 


appearance of color was observed. This first rosy light sinks | the dark segment, appear at this time once more bathed in 


rapidly downward, while the lower strata vary little, and 
when the sun has sunk to 6° it has in general quite disap 
peared, 

Now the are in the western sky which bounds the illumi- 
nated segment begins to be very distinctly perceptible. When 
the sun is 6° below the horizon, it is about at the altitude of 
75°. For 170° along the western horizon extends the orange 
yellow stratum, of 244° in height; above it lies a green band 
of double the width, while the rest of the illuminated seg- 
ment isa whitish blue. The boundary are sinks rapidly down- 
ward, and when the -uu is 10° below the horizon it is scarce- 
ly as many degrees above. Sometimes a second but fainter 
rosy light can be seen in the western sky, but of less ex- 
cent and shorter duration than the first. When 
has sunk to 114° every trace of red color bas vanished from 
the western sky, and the sharply defined luminous segment 
hastens down to the horizon. 

Still with the descent of this segment the phenomenon has 
not always reached its end. There sometimes occur later 
whitish colorations in the western sky, and whitish segments, 
which, however, never display any trace of color, On one 
occasion a luminous appearance of 6° altitude was observed 
when the sun was already 23° below the horizon, 

The phenomena observed during the dry season in Spain 
are inferior to those described, both in intensity of color and 
in extent. 

The phenomena of the dawn observed in Germany differ 
widely from those recorded in the south of) Spain. In the 
latter country the phases are more distinct than in Germany. 
The succession in time is more definite, and the strata of 
different color are more distinctly marked off from each 
other; the boundary between the light segment and the dark 
sky is very decided. 

On the other hand, with the exception of the counterdawn, 
the duration and the extent of the coloration are greater in 
Germany. As regards the colors, there prevails the differ- 
ence that in Spain green is almost invariably seen in all 
shades, which is rarely the casein Germany. On the other 
hand, in Germany the red colorations of the Spanish heavens 
take a more flesh-colored and purple tone, and the violet 
colors seem deeper. Further, in Spain there exists a greater 
difference between the twilight phenomena of summer and 
winter than in Germany. 

In England we need searcely say that, as a rule, the phe- 
nomena are too much complicated by smoke and cloud to 
admit of useful study. 


SOLAR AUREOLE.—(From an Instantaneous Photograph.) 


At an earlier date—in 1864—Prof. Von Bezold made a care- 
ful study of the phenomena of ordinary twilight, and pub- 
lished his results in Poggendorff's Annalen (vol. exxiv., 
p. 240). His memoir, however, though inserted iv a journal 
so constantly consulted by men of science, appears to have 
passed unnoticed. Of this oversight the notices of the phe- 
nomena of last winter gave abundant proof. Had Prof. 
Von Bezold’s paper been referred to the world would have 
seen that the displays in question were simply an intensifica- 
tion of the normal evening afterglow, and would vot have 
rkapsodized anent electric discharges, the north light, etc. 
The author’s memoir would further have afforded a starting- 
point for a more complete study of the progress and the pe- 
culiar features of these phenomena. Our readers will not 
fail to remark the general agreement between Prof. Von 
Bezold’s observations and those of Dr. Helmann. 

The former meteorologist describes the following pheno- 
mena as to be observed every morning and evening if clouds 
do not interfere : 

A luminous segment appears on that side of the heavens 
where the sun is below the horizon (¢. e., in the east in the 
morning, and in the west at eventide). It is separated from 
the higher parts of the sky by a peculiar light zone. Above 
this zone the heavens have a blue or purple color, and 
below it are seen yellow, orange, and on the horizon even 
brownish red tones. 

At the opposite side of the heaven appears the dark seg- 
ment, which is simply the ash-colored shadow of the earth, 
which, as long as it is merely a few degrees above the hori- 
zon, contrasts sharply with that part of the sky still (or al- 
ready) illuminated by the sun—the so-called counter-dawn. 

There is aiso a faintly luminous circular disk of consider- 
able diameter (at the time of its greatest intensity), and of 
a rose or pale purple-red color, This the author speaks 
of as the ‘purple light.” It appears above the luminous 
segment some time before sunrise or after sunset, in such a 
maner that the lower part of tie disk appears to be con 
cealed behind the luminous segment. The center of the 
disk, in the evening twilight, goes down very rapidly. whilst 
at the same time its radius increases, so that at the last the 
boundary of the disk coalesces with that of the segment. 
The impression is as if the purple light was gliding down 
behind the illuminated segment. The purple light seems to 


the sun | 
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A NEW PRINCIPLE OF MEASURING HEAT. 


illuminated by the setting sun, and were then shadowed by 


a faint reddish light. The maximum of this second illu- 
mination occurs in the Alps when the sun is 4 degrees or| THE following method is intended to fulfill some condi 

5 degrees below-the horizon, The center of the purple light | tions whieh probably will be more and more urgently requir. 
is at this time about 18 degrees above the horizon, while its | €4 in the progress of modern science: 

upper limit may rise to an altitude of 40 degrees to £0 de-| 1. Measurements of heat should be executed at constant temper. 
grees, ature, i.€., without the aid of thermometers —Every variation of 
~ As the purple light vanishes bebind the luminous segment, | temperature during calorimetric experiments causes un- 
there appears at the opposite side of the heavens a second | avoidable errors, and necessitates correction and compensa- 
dark segment. Soon, also, as the first luminous segment | tions. The accuracy of the thermometric method [“* method 
descends, there appears above it a second, not readily dis- | of mixture” of Regnault], which now predominates among 
tinguishable from it, and if the sky is very clear there is | ¢xperimentalists, is unrivaled, only in those cases where the 
sometimes perceived @ second purple light, and therewith a| #mount of heat to be measured is developed in the course 
repeated increase of light, so that objects on the opposite | Of a few seconds or minutes ; it is seriously impaired when- 
side of the horizon are illuminated for the third time. ever the experiment lasts longer, while the influence of the 

The occurrence of two distinct periods of red (rosy or | corrections for radiation, ete., increases proportionately 
purple) tones, which was dwelt upon by a number of ob- | With the duration of the operation, The first method used 
servers as something characteristic of the twiligbts of last | in thermo-chemical investigations, the ice-melting method of 
winter, is therefore a normal phenomenon, though rarely | Lavoisier and Laplace, as well as the modern calorimetric 
witnessed in such intensity. method by Bunsen, avoids this inconvenience by executing 

The excitement which the recent sunsets produced was | @!l measurements at the melting-point of ice. Bunsen’s ice 
especially due to the unusual intensity of this second | calorimeter is, however, not exempt from corrections. Every 
‘purple light,” which on some occasions seemed to surpass | Physicist familiar with the use of this instrument will also, 
the first one both in extent and splendor.—Jvurnad of Science. | like the author, be well xequainted with its capriciousness, 
Bunsen prescribes that the caiorimeter should be placed in a 
large vessel filled with absolutely pure snow. Although | 
have bad abundant quantities of the purest snow at my dis- 
posal, I do not hesitate to declare, having tried, in company 
with Prof. Nuson, a whole winter to obtain reliable results 
occurred since the epoch of the eruption of Krakatoa (Aug. | With the original arrangement of the inventor, that the in- 
27, 1883) are still occupying the attention of meteorolo- | S!tument would be impracticable for use without the im- 
gists and observers, It is now manifest that the torrents of | provement devised by Schuller and Wartba, viz., to immerse 
pulverulent and gaseous products that were thrown in pro-| the calorimeter in a vessel containing ice and pure water at 
fusion into the aerial ocean have, for months, disturbed its | C. Still the advantage of this arrangement is not to pre- 
habitual limpidity. Mr. Thallon announced on the 24th of | Vent variations in the position of the mercury index, but to 
March last that the sky at Nice, which is ordinarily so clear, | ™ake them quite regular, These variations are declared by 
was cloudy and nebulous, and that the sun, even on the | Some physicists to depend upon the vacillation of atmo- 
finest days, was enveloped in a sort of crown of diffused | Spberic pressure, but I think that the real cause of the 
light. Avalogous observations have been made at Auteuil] | UDsteadiness of the index of the instrument lies in the pecu- 
by Mr. C. Moussette, who is so well known by our readers | liar behavior of the ice in the vicinity of its melting-point. 
from his remarkable labors in instantaneous photography. | It was believed hitherto (and Bunsen’s method theoretically 
The sun has been frequently surrounded this year with aure- | Pests upon this assumption) that ice at 0° C. suddenly changes 
oles, and the annexed cut gives the appearance of one of the | its specific volume from that of ice [=1°090686{* to that of 
best characterized of such phenomena. water [= 1°000000]. I admit that this assumption may be 

As for the famous twilight illuminations, we had thought | true with regard to ahsolutely pure ice, but in every kind of 
it well not to advert to them again; but we must, however, | ftozen water which contains the smallest trace of impurity 
call attention to a curious note on this subject tbat has been | (Which is unavoidable if the water has been boiled assiduously 

ina glass vessel) the transition of ice into liquid waier is not 
sudden, but gradual,and begins already a little below 0° C. Such 
ice does not attain its maximum of volume exactly at 0° C., 
but some hundredths or tenths of a Centigrade degree below 
0° (dependent upon its relative purity), Graphic represent- 
ation¢ shows that the co-ordinate of specific volume 
of the ice comes not toa point @arrel at zero, but moves 
upon the rapidly sloping branch of a curve just ip 
the immediate vicinity of the melting-point. Now sup- 
pose the water in the external vessel to be either alittle purer 
than that of the calorimeter, or vice versa. In the former 
case its temperature, ¢. ¢., its melting-point, will be situated 
a few thousandths of a Centigrade higher, and the volume 
of tbe ice in the calorimeter will move downward on the 
branch of the curve in the attempt to gain the temperature 
of the surrounding medium. Then the index will move 
slowly backward; in the other case the co-ordinate of spe- 
cific volume will move upward on the sloping branch, and 
the index of the scale tube will march forward. These re- 
marks may be sufficient to explain why there has been much 
dispute about the absolute magnitude of the caloric units in- 
dicated by the ice calorimeter of Bunsen, and why this in- 
strument is always empirically graduated, although its prin- 
ciple ought to allow of absolute measurements, 

Il. The amount of heat developed in calorimetric experiments 
should be directly transformed into work and measured in ab- 
solute units [kilogrammeters].$—In every branch of pbysi- 
cal science this manner of measurement is beginning to in- 
troduce itself, as, for example, in electricity, magnetism, 
etc. In thermal determinations it has the great advantage 
that the mechanic units are 430 times greater than the ther- 
mic units. and can be far more accurately determined. 

III. The principle should be applicable to the measurement of 
all kinds of calorie energy: as, specific heat, radiant heat, the 
heat absorbed or developed by chemical reactions, ete.—It must be 
to be entering a new intermittent phase. remarked that I have hitherto experimented only with radi- 

“Upon certain days they disappear almost entirely, and ant heat. An apparatus intended for other kinds of heat is 
are limited to a slight phosphorescence ; and then, on the | under construction, but as this will take some time, and as I 
next day, they take on a newintensity. On the 4th of April | Wish specially to direct my labor to the determination of the 
last they were admirable, and as beautiful as ever ; and on | SU" 8 radiant heat, I take the opportunity now of calling the 
the 11th likewise, but their arrangement was no longer the attention of physicists to the principle of the method, which 
same as at the beginning. There were at first three large tri-| | foresee can be developed and varied in a multitude of 
colored zones that occupied the entire east up to the zenith, | W@YS- In ase the matter should interest any bo.ly sufficient- 
and were at times separated from each otber by strips of blue ly to make him try it experimentally, I will give some in- 
sky, like three wide colored bands. At present there are formation _ order that he may not be detained by those dif- 
usually large aureoles that shoot out like separate and diver- ficulties which have baffled my own efforts during nearly 
gent arrows to 50° or 60°, like the golden rays around tbe | ‘!X years. The principle is extremely simple, and will be 
heads of theystatues of saints in certain churebes. In from &#Sily understood by a glance at the diagram (Fig. 1). 
seven to eight minutes after the sun has set, a dazzling spot Let a beam of heat rays fall upon the. thin glass wall of 
of pale lilac begins to exhibit itself at 10° or 12° above the the reservoir, A, which contains dry air. As soon as the 
spot where it (the sun) disappeared. Its diameter is about thermometer, a A, indicates thatthe temperature of the air in 
15°. To the right and left stand two fuliginous walls, like A ‘creases, let mercury escape through the stop-cock, C. 
the smoke of a large city seen ax a transparent object upon Thereby the air expands, and the heat received by radiation is 
the red horizon at sunset. Then these walls disappear, as ‘T8usformed into mechanic work, as the level of mercury in 
does also the lilac spot, and just above them there begins to B sinks under the influence of the expanding force imparted 

to the air by the radiant heat. As the air in A in this case 


appear, at about fifteen minutes after sunset, a luminous, | li 
purple. scarlet or crimson haze of discoid form, which keeps has expanded isothermically, the mechanic work is represent- 
ed by the equation 


increasing up to 15° or 20° and becoming more and more in- 


SOLAR AUREOLES. 


THE atmospheric phenomena of sky coloration that have | 


addressed to the Academy by Mr. Pelagaud, under the 
auspices of Mr. Faye. 

Mr. Pelagaud, who is observing the heavens at Saint Paul | 
(Bourbon Island) writes that the twilight glimmerings seem 


tense, From this there soon shoot out from all sides, nearly v 
to the zenith, those large arrows that 1 have mentioned. X= Por log naty,* 


disk assume the form of an arc that rests upon the straight | where po %, are the initial pressure and volume of the air in 
line of the horizov. But the contours are all softly shaded | A, and @ is its volume after the expansion. If we suppose 
off, and in no wise have the sharply defined outlines exhib-| that a beam of sun rays during a minute has fallen upon the 
ited by a drawing. Sometimes, from between the iuminous | blackened surface of A through a bole of a square centimeter, 
arrows there shoot out dark ones, especially from the side | and that the experimenter has neutralized the tendency of 
toward the south. All this lasts from fifteen to twenty | the air to increase in temperature by careful manipulation 
minutes, then it gradually disappears, and, toward 6 h. 55 m. | of the stopcock, C, which allows the air to expand its volume 


At the moment the arrows appear, the lower contours of eit 


| or 6b. 40 m., nothing remains but the yellow band at the hori-| as it displaces the escaping mercury—suppose that in this 


zon, which also soon vanishes.” way the cooling effect of the expansion has neutralized the 

Mr. Pelagaud does not admit the theory of dust from Kra- | tendency of the air to augment its temperature under the in- 
katoa, but believes that we have here an electric phenomenon, | fluence of the heat radiation, so that the index of the ther- 
mometer has been kept constantly at its initial point, then 
the entire amount of solar heat imparted to the glass reser- 


play the part of an image of the sun, much magnified, but | Durrne the academic year 1882-83 six hundred and seventy- | voir, A, is converted into mechanic work by means of the 


indistinct in its outlines. 


guisbable are again recognized, 


with objects at the side of the horizon opposite the luminous | forty-six, Lyons with ‘forty-three, Nancy with twenty-one, 
Such objects, which were previously sharply | and Lille with twenty. 


segment, 


At the time of its greatest in- ltwo M.D. degrees were conferred in France 
tensity the light generally increases very decidedly, so that | three-quarters of the whole number, or four bundred and 
objects which shortly after sunset were no longer distin- | sixty-five, were conferred by the Paris faculty. 
This is especially the case | comes next, with sixty-nine ; then follow Bordeaux with | Ice.” “ Vega-expeditionens vet. iaktrage 


Not far from | isothermic dilatation of the air, and the value of 2 found by 


Montpellier * This number, which is almost identical with that of Bunsen, was 

i P found by the author in his research “ Upon the Properties of Water and 
Bd, ii., p. 275, 

+ See the paper * Upon Water and Ice,”’ by O. Pettersson, /. ¢, 

+I denote this in the following by the sign M.K°, 
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| 
the above equation represents what is called by modern | ing. Whenever the level in the manometer shows a tendency | will always regulate the expansion of the air in A,. It is 
. to rise above the isothermic line, there is a surplus of heat | easy to see that this will also be the case in A, if the experi- 
in A waiting for transformation into work, which can be | ment is conducted so that during the dilatation of the sir in 
effected by accelerating the outflow of the mercury through | A and A, the index of the differential thermometer, y, which 


scientists “the solar constant.”* 

It is obvious that the chief difficulty lies with the ther- 
mometer. The indications of this part of the instrument 
must be extremely sensitive (up to some thousandths of a de- 
gree Centigrade) and instantaneous. in order that the experi- 
menter may be able to regulate the expansion so that a real 
jsothermic dilatation takes place. I judged that only two 
kinds of thermometers could suit the purpose, and tried 
first a differential glass thermometer. This is in fact very 
sensitive, but as the pressure in A diminishes during the ex- 
periment, the bulb @ expands somewhat, and this has a dis- 
turbing influence upon the index. 1 next inserted in A a net-| 
work of very thin thermo-electric elements (combinations of 
iron and German silver), and observed the alterations of 
temperature of the air in A by means of a mirror galvanome- 
ter. As | found the ordinary system of magnets in galvanome- 
ters far too heavy for the instantaneous deflections here requir- 
ed, I constructed a new kind of galvanometer, whereof I give 


Fig. 1 


a schematic view in Fig. 2, because I think that it may really 
do some good work in other cases, as it proved to be ex- 
tremely sensitive. The dotted lines represent a system of 
two concentric (annular) magnets made of steel springs 
(from watches), each magnetized to saturation between the 
poles of a powerful Plicker electro-magnet. They are com- 
bined ip the astatic manner, but the dimensions of the ma- 
terial are chosen so that the ¢évver magnet has just sufficient 
force to keep the whole system in the magnetic meridian. 
The figure shows the position of the insulated copper wires 
relatively to the magnets. M is a mirror of very thin sil- 
vered glass; C C is a massive copper ring. I tested the sen- 
sibility of the instrument by adiabatic expansion of the air 
in A. This was effected by opening the stopcock, C, for a mo- 
ment. The slightest dilatation of the air in this manner im- 
mediately showed its cooling effect by a deflection of the 
scale in the mirror; but as the deflection soon brought the 
magnets out of the electric field, the amplitude of the oscil- 
lation was, as I had calculated, not great. However, as the 
oscillations did not cease instantaneously, I found the 
method impracticable for continuous observation. I then 
abandoned the project of regulating the isothermic expan- 
sion by means of @ thermometer altogether.+ 


Fig. 2 


The next arrangement, which succeeded better, was that 
shown in Fig. 3. Here the co-ordinates of the isothermic 
curve are traced out beforehand on the rotating cyliader, F. 
As the mercury in B flows into D, it liftsa float, which, by a 
combination of wire and blocks, makes the cylinder rotate 
at arate which is proportional to the expansion of the vol- 
ume of the airin A. Thus the horizontal co-ordinate (¢) of 
the isothermic curve is represented. The vertical co-ordinate 
of the pressure ofthe air in A(p) is represented by the 
height of the liquid in the open branch of the manometer. 
The operator only vas the task to regulate the outflow of 
the mercury from B to D by means of the stopcock, C, so that 
the level of the fluidin the manometer closely follows the 
isothermic line drawn upon the paper envelope of the rotat- 
ing cylinder. This is not difficult after a little experiment- 


+ think the thing will be very difficult to realize in this way. If an- 


other indicator could be substituted for the galvanometer, for example 
the Lippmann capillary electrometer in the ingenious form devised by 
Chr. Lovén, the experiment would be very easy. But, unhappily, this in- 
atrument is insensible to thermo-electric currents. 


i 


©. The area contained between the initial and final ordi- 


combines both instruments, is kept conslant. Suppose then 


nates [po and p, represented by the positions of the column|a beam of heat rays to fall upon a thin piece of platinum 


of liquid in the manometer tube relatively to the cylinder at 
the commencement and the close of the experiment] repre- 
sents the value of the integral — 


foil* in A through the glass wall. The immediate effect of 
radiation is to elevate the temperature of the air in A, but as 
an increase of only 0°0016 of a Centigrade causes a displace- 


| ment of the differential index, y, of 1 mm.,+ it is easy forthe 


© 
dv | operator to compensate this tendency and transform the heat 
pore ts into work by lowering the graduated tube, D, which makes 
. | the airin A and A, expand, This expansion is ésothermie in 


or the amount of mechanic work equivalent to the transformed 


both, because volume and pressure vary in the same way in 
A asin A,, where it, as shown formerly, follows Mariotte’s 
law.~ ‘The rate of expansion of the air is indicated by a rise 
of the mercury in the calibrated tube, D. The sensibility of 
the differential index is so great that it requires a very steady 
hand to regulate the movement of D so that the index keeps 
constantly at its initial point, without making greater ex- 
cursions to either side than 1 or 2mm. Every irregularity 
in the movement changes the isothermic expansion into 
adiabatic dilatation or compression, 1 therefore prefer to 
regulate the sinking of D by means of a screw. During the 
experiment, A must be proiected by isolating screens, etc., 
from outward disturbing thermal influences. I think I have 
realized this in a satisfactory way, but as a detailed account 
of the arrangement would be too long, I must reserve the 
complete description for a future paper. 

Lastly I will mention some examples of determinations of 
the radiant heat emitted by a regulation gas-burner at 22°5 
em. distance from A. The radiation was admitted through 
a screen with an opening of 44g K 24¢ cm. The initial vol- 
ume of theair in A§ was 62222cc. The pressure was 
brought to 760 mm. Experiment I. was made at noon, LI. 
in the afternoon of the same day. 

Experiment I.—Increase of volume by expansion during 
6 minutes = 185‘9ec. Mechanical equivalent of the radia- 
tion during 6 minutes = 1°680 M.K°. Mechanical equiva- 
lent of the radiation during 1 minute = 0°280 M.K°, 

Experiment IT.—\ncrease of volume, etc., during 5 min- 
utes = 158°5¢c¢. Mechanical effect of radiation in 5 min- 
utes = 1°459 M.K°. Mechanical effect of radiation in 1 
minute = 0°291 M.K°. 

{ have measured in this way the mechanical effect of ra- 
diations, the caloric energy of which was only 0°08 of a 


Fig.3 


caloric energy. ‘Thereby this method affords an elegant m:n 
ner of showing the actual transformation of all kinds of heat 
into work to an auditory. In order to obtain indications on 
a grand scale I always used H,SO, tinted blue with indis» 
in the manometer. The rotating cylinder is about 2m. 
high, and a quantity of heat of not more than 8°76 grammn - 
calories, imparted by radiation or otherwise to the air in A 
makes the cylinder rotate 360°, and the level of the liquid | 
in the manometer sink 1°84 m.* The volume of A was 400 
ce, and the initial pressure equal to 1,000 mm. (of mercury). 
But for scientific measurements I cannot recommend this 
method. The sulphuric acid adheres to the gluss tube, and | 
does not take up its definitive level at once, the dimensions 
of the apparatus become inconveniently large, the co-ordi- 
nate, p, cannot be traced out on the paper of the cylinder di- 
rectly from the isothermic equation, 
po= RT, 


gramme-calorie in theyminute This method is free from 
every kind of correction, Is is obvious that, by means of a 
thin test-tube bermetically inserted into A, calorimetric de- 
terminations of specific heat, etc., could be made, but I have 
uot yet arranged the apparatus for this purpose, 
OTTO PETTERSSON. 
Stockholms Hégskolas Laboratorium, June 25. 


ELECTRIC STREET RAILWAYS. 


In connection with their recent successful experiments at 
Cleveland, Messrs. Knight & Bentley, according to the 
Herald, estimate that the track expense of the electric road 
will not exceed $5,000 a mile. The cost of the East Cleve- 
land road now in operation has been very much less than 
this. The cost of power plant is about the same as that for 
cable roads, and the cost of the special machinery required 
corresponds to the cost of the dynamos. If the horse read 
is changed to a cable road the cars must be changed also, 
| which is not the case with an electric road. Every horse 


but must be recalculated with the aid of some corrections | car requires a complement of eight horses, and every horse 


arising from the influence of the atmospheric pressure upon 
the columns of liquid in the manometer and in D, too com- 
plicated to be mentioned here. 


costs 50 cents a day to feed, and for care, so that the horse 
expense of each car is never less than $4 per day. The 
depreciation of each horse is 10 cents a day, and the 


Fig. 4 shows a kind of calorimeter which realizes the con-| total expense per car is never less than $5 perday. An 


@ 


Fig,4@ 


dition of isothermic dilatation of the air in the most simple 
manner and still is capabie of the most accurate measure- 
ments, 

Aand A, are very thin glass vessels fabricated of equal 
shape and size by Franz Miller in Bonn. Both contain dry 
air over mercury, which stands at equal height in B and B,. 
If the graduated glass tube, D, which communicates with A 
and A, through a caoutchouc tube, is raised or lowered by 
means of the arrangement shown in the figure, the level of 
the mercury rises or sinks equally in B and B,, and the air 
in A and A, is compressed or dilated equally, provided that 
the temperature is kept constant in both. This condition is 
realized in A, by the surrounding /arge mass of water, 
which imparts to the air and mercury in A, and B, its own 
constant temperature. The air in A, therefore always ea- 
pands or contracts isothermically. If its initial volume and 
pressure are denoted by v and po, the law of Mariotte, 


Op = VoPo, 
*7 e. theoretically. This heightis somewhat reduced by the correc- 


| electric plant of 500 horse power, which would give a sur- 
| plus of probably 200 horse power, would not cost $50 per 
day to maintain and would operate forty cars easily, or at 
| the rate of $1.25 per car per day. Careful experiments made 
in England recently show that » greater economy than this 
can be attained, and that on a like basis here the cost of an 
| electric car would not exceed $1 per day per car for motive 
power. An expensive item in the operation of horse roads 
is the depreciation of horses. The average useful life of a 
street car horse is about three and one-half years. The de- 
preciation on some of the Cleveland lives last year was 40 
per cent. Official statistics show that the average life of a 
street car horse is about three and a half years, so that the 
| average annual depreciation is about 30 percent. The East 
| Cleveland Company use 450 horses, the average cost of each 
of which is about $125, and the single item of depreciation 
of horses consequently amounts to pearly $20,000 per an- 
num. On the New York lines the depreciation is much 
heavier. In abolishing horses, enough can be realized from 
the sale of horses, barness, ctc., to about pay the cost of fit- 
ting up the cars with motors. The cost of shoeing horses 
is another item of no inconsiderable consequence. 

Colonel Ritchie, superintendent of construction of the 
Fulton Street lines in Brooklyn, was lately in Cleveland, 
having been sent there by his company to investigate the 
Knight & Bentley road. His company alone own 3,160 
horses and 800 street cars. He was grealy interested in what 
he saw, and said he should have their engineer come on at 
once and make a ful] report on the subject. Messrs. Knight 
& Bentley are also in negotiution with parties for an elee- 
tric railroad in Pierrepont Street, Brooklyn. The residents 
of that street have refused permission to any but an electric 
road, as-it is one of the finest residence streets in Brooklyn. 


THE ELECTRIC LIGHT IN RAILWAY CARRIAGES. 

Ap important new departure in railway lighting is reported 
from the district where the passenger railway had its birth 
—the Liverpool and Manchester line of the London and 
Northwestern Company. This is the utilization of electri- 
city for lighting the carriages by the help of Swun’s incan- 
descent 20-eandle power lamps, and Brotherhood’s patent 
engine, stationed on the tender, and fed with steam from the 
locomotive boiler, locomotives being specially fitted for this 
service, Tbe electric current passes from the engine, 


* It is blackened in the following way. It is galvanically coated with a 
thin layer of metallic copper, and afterward heated in a current of oxy- 
gen. his arrangement gives mosi sensitive indications, 

+ This is the case in the apparatus constructed by the author. The :n- 
dex there consists of a small drop of colored alcohol. If H,SO, is substi- 
tated for the alcohoi, the senatbility of the apparatus is lessened consid- 
erably. 

In my last. constructed apparatus I have sabstituted vessel of thin 
copper instead of the upper part of the giass vessel, A,, This arrangement 
avswers the purpose excellently. 

§ And also in A,, which is of the same size. This condition is, how- 
ever, by no means indispensable. A, can be greater or smaller than A, 
only the dimensions of A and A,, B and B,, are proportional to 
other. 
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to the footplate, is a regulator fitted with an electric burner 
showing the driver the power of light in the train. Each | 
compartment of the train is fitted with a duplicate lamp, the 
arrangement securing the instant lighting of one iamp if the | 
other should become extinguished. 


DOMESTIC ELECTRICITY, 
THe accompanying engravings show various ingenious | 
electric apparatus manufactured by Mr. Aboilard, of Paris. 
In Fig. 1 is seen a small stand which supports a lamp 


Fie. 1.—ELECTRIC LAMP AND STAND FOR 
APARTMENTS. 


which in shape resembles an ordinary Carcel. This lamp, | 
which is an incandescent one of 8-candle power, contains | 
in its base an accumulator arranged in an ebonite box that 
has four compartments, which form four elements mounted 
for tension. One of the keys serves as an interrupter for 
lighting or extinguishing the lamp, while the other, placed 
at the side, serves as a commutator. The lamp may be car- 
ried around like the ordinary one, for it is a portadle electric 
light. The accumulators that it contains are necessarily of 
smali size, and could not supply the lamp fora sufficient 
length of time, When the lamp is placed upon the stand, it 
ix in connection with an ebovite column that contains 
four accumulators, The commutator key that we have men- 
tioned puts these four accumulators in connection with the 
four elements of the lamp support in such a way that they 
ure all mounted for tension in fours; each element of the 
lamp is doubled, and under such circumstances the duration 
of the lighting is six hours, 

The lower compartment of the stand hides the battery— 
the generator of electricity—and is about 14% feet square by 
Yinches in height. It contains the 16 suiphate of copper 
elements that charge the accumulators. 

Fig. 2 represents an electric carringe lamp, which is lined | 
internally with polished white meta) that forms a reflector. | 
The lamp, which isan incandescent one of 12-candle power, | 
is operated by means of three accumulators contained in a| 


Fie. 83.—WATCH STAND.—ACCUMULATOR BAGS 
FOR PORTABLE ELECTRIC LIGHTS 


box only 9 inches in height, which weighs but twenty-two 

ounds, and which will easily go under the coachman'’s seat. 

hen the carriage is housed, the accumulators are charged 
by’ means of sulphate of cepper piles. 

In Fig. 3 we have collected together several novel lighting 
apparatus which al ways operate through small accumulators, 
The first of these (No. 1) is a watch stand, very valuable 
for vight use, which measures 344 inches in height, 2% 
inches in width, and about 744 inches in length. It contains 
two small accumulators, mounted for tension, which actuate 
a minute incandescent lamp placed beneath the watch in a 
shell that forms a reflector. When one awakens at night and 


through the train, and back to the locomotive, where, fixed | fixed to the stand. This lights the lamp and illuminates the 


desires to know the time, he touches the button commutatur 


NEW STAND FOR INDIA INK. 
face of the watch; and not only is the time seen, but the entire THE accompanying cut represents, of actual si 

room is also lighted up. No, 2 1s a traveling bag designed to be | inketand ihe of Viewus new 
earried by a shoulder strap, and which contains two accumu- | servation of India ink for a long time after it has hieon bg 
lators and weigh about two and & quarter pounds. The ac-/ ed for use, It consists of a small vessel of blown elass 
cumulators operate a small 3-candle electric lamp, which is | which is provided at the side with « tubulure, and the mouth 
suspended from one of the button holes of one’s coat. No, lof which is covered with sheet rubber tied beneath the - 
8 is another accumulator bag of larger dimensions. We | with a string. When the inkstand has been filled, it edhe 
shall finish our enumeration of Mr, Aboilard © apparatus by necessary to press upon the rubber to cause the ink to wmeenal 
speaking of the elegant electric jewelry he manufactures, to the small funnel, into which the pen may then be dipped 


Our engraving (Fig. 4) represents these of actual size, and res 
shows how they are constructed. To the right and left are Whee the pressure is removed the ink russ back egaia, so 


NEW INKSTAND FOR INDIA INK. 


that it can neither dry up nor be contaminated with dust. 
Each inkstand is inclosed in a round boxwood case lined 
with cotton and containing an aperture for the passage of 
the funnel! tube. 

over 

A SIMPLE BURGLAR ALARM. 


THE small apparatus which is shown in the accompanying 
figure, and which has been called by its inventor the * Vigi- 
lant Dragon,” is a burglar alarm bell designed to be placed 
figured scarf-pins, one of them in the shape of a lamp, and behind doors and set in action whenever a pressure is exert- 
the other in that of an expanded flower forming a reflector, | 4 that tends to open them. From this point of view, it 
In the center are seen two pretty ornaments for ladies—a bird will prove useful to timid persons who live isolatedly, and 
andacrown, The little incandescent lamp which illuminates | particularly to travelers, who, as a general thing, are not 
this jewelry is but about a sixth of an inch in diameter. The | Very well protected when they are asleep, by the poor locks 
pocket pile that operates the lamp is in the form of a pocket | of hotel rooms. : ‘ 
book 3 inches wide by three-quarters of an inch thick, and| In the figure, a portion of the bell is represented as remov- 
weighing 7,500 grains. It is formed of two accumulators in | ¢d in order to show the mechanism that itcovers. The base 
tension, which permit of lighting the jewels intermittently. of the apparatus, which represents a somewhat fantastic ani- 
These little apparatus are too delicate to operate long at a|™al, is made of cast iron, and is 75 centimeters in dia- 
time, but the light they give is very beautiful and intense, | Meter. $ : : ’ 

The little interrupter placed in the cireuit consists of an, The apex of the dragon’s head 1s provided with a sharp 
ebonite ring, which carries in its center a metallic sphere | steel point, as are likewise the two bind legs. 
screwed upon its axis. Upon revolving the sphere on the| After one has entered the house and closed the door, he 
screw, it is moved from one side to the other so as to establish | Places the dragon atan angle of 45° between the door and 
or break the contact that causes the current to pass or cease, | the floor, every effort made to open the door will have a ten- 
This small device is shown at the bottom of Fig 4. It is | dency to drive the sharp points of the dragon's feet into the 
very easily maneuvered, and can be operated in the pocket. | floor; and the one in the head into the door. Now, the point 
. in the head is provided with a spring which pushes 
it out of the apparatus, and which gives way under pres- 
sure and causes a tail piece, A, to abut against an inclin- 
'ed plane placed under a circle, B C, that is capable of re- 
volving around an axis formed by the two points, D and E. 
The lower half of this circle is lifted by a steel spring, F. 
Under the stress of the tail piece, A, the circle rises in front 
| and lowers behind,and the projecting point, G, disengages 
the hammer of the bell, H, movable around the axis, K. 
Thereupon the hammer beginsa rapid, alternating motion 


Fie. 2.—ELECTRIC CARRIAGE LAMP. 


STRETCHING THE SPINAL CORD. 

From a foreign exchange we learn that Prof. Hegar has 
recently read a paper at Freiberg in which he advocates 
stretching the spinal cord. Our readers will be glad to bear 
that the operation does not consist in opening the spinal 
canal and directly stretching the spinal medulla, But Dr, 


pack 


Fie. 4.— ELECTRIC JEWELRY. A SIMPLE BURGLAR ALARM, 


Hegar has found that when the spine is very much bent the | under the action of a toothed wheel, L, of a pinion, M, and 
cord is actually lengthened. His mode of procedure is to | of the external toothing of a barrel, N. 

place the patient on his back, and then, with the knees kept| This Jatter is wound up by means of a key placed under 
carefully straight, the lower limbs are bent up toward the | the apparatus. ' 
chin as far as possible. In this way the great sciatic nerves} As may be seen, every effort made to open the door will 
are put on the stretch, and this, as well as the overbending | be made known by the ringing of the bell. 

of the spine, stretches the lower end of the cord. The cases} | The apparatus may, moreover, be used as an ordinary call 
for which Dr. Hegar recommends this treatment are those of | bell. To set it in operation it is only necessary to press the 
women who suffer from pelvic pain, and of nervous pheno-| tail, P, with the finger. 

mena referable to the branches springing from the lumbar en-| The instrument is simple, and has appeared to us worth 
largement of the cord. Already the treatment has been | of being made known. The only objection that we can of- 
employed in a few instances, and, it is stated, with success. | fer to it is that it may, in the long run, mar the wood of the 
a Med. and Surg. Rep. doors and floors against which it is used. 


| 
| 
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OPTICAL ILLUSIONS AND PRESTIDIGITATION, 


Aw article which we published a few weeks ago upon 
Double Light has brought us a certain number of letters 
from fervent believers in Spiritualism, Our valued corre- 
spondents protest against the confusion made in the article 
mentioned between prestidigitators and mediums. ‘‘ Be as- 
sured,” they say to us, *‘ that there are very estimable men, 
and men of good faith, among Spiritualists. Scientists of 
great. merit lave sometimes been present at absolutely de- 
moustrasive experiments, We cannot deny, however 
difticuit be the scientific explanation, the evidence of facts.” 
Such ig about the substance of the letters that have been ad- 
dressed to us. It would be easy to answer that we do not 
deny that there are Spiritualists of good faith ; they are 
those who see, listen, ascertain facts, and assist at table 
movings, and who hear the noises of spirit rappers. But, 
alungside of Ube sincere and naive spectators, there are me- 
diums who perform the experiments, who lift the tables, 
and who make the sides of the furniture resound; and these 
are indeed sleight-of-hand performers, in whose power we 
shall never be able to believe as long as their operations are 


Fie. 1.—THE MAGIC ROD. 


executed as in secret, under a badly-lighted table, and in 
the presence of spectators who are already convinced. 
Science does not fear broad daylight, and when a physicist 
attracts light bodies with a stick of resin electrified by fric- 


tion, he has no need of turning down the lamps or putting | 


persons out of the room who do not choose to believe in 
physics. Turning dowu the Jamps—that is the secret of 
mediums. Mr. Home put out the lights ertirely when char- 
ac’ers of fire were to be exhibited upon the ceiling. The 
celebrated conjurer employed for this purposea cane which 
he had previously hidden, and which, opening like a fishing 
rod, allowed him to draw a piece of phosphorus along the 
surface of the ceiling. When he saw that there was some 
one among the spectators who was incredulous, and wished 
to see too near, he asked him to get out, saying that the 
‘*‘spirits” could not perform their manifestations before 
skeptics! 

Our correspondents cite facts to us that they have seen 
with their own eyes, One of them writes us that an Eng- 
lish medium had his wrist incircled with a wrought iron 
bracelet that bad been made for the purpose, and that this 
bracelet fell off of itself without opening, while the wearer 
had his hand upon the table. The bracelet was found per- 
fectly intact upon the floor. ‘‘ How,” says he, triumphant- 
ly, ‘‘do you explain such a phenomenon as that?” We 
confess that we do not explain it in any manner, any more 
than we immediately explain certaiu tricks in physics when 
they are performed by skillful prestidigitators. Robert Hou- 
din’s famous inexhaustible bottle was seen for a long time 


without its being known how that iogenious experimevt was 
performed. Some days ago we were present at a perform- 
ance at the Champs Elysees Circus, and had our wonder ex- 
cited by « prestidigitator there who performed a remarkable 
trick. He presented himself with a large cage containing 
a living bird, and announced that the object was going to 
disappear. In fact everything did suddenly disappear, 
without its beivg possible to see anything of it. That was 
as astonishing as the medium’s bracelet; but the skillful 
circus operator in no wise pretended to have direct relations 
with the world of ‘‘ spirits,” so he received the applause 
that his incomparable address entitled him to. 

The processes employed for producing the effects that ap- 
pear most extraordinary are sometimes the simplest and 
most easy to perform. The magic rod which sticks of itself 
to the extremity of the open fingers (Fig. 1) might be used 
by mediums aod spiritualistic operators, The metallic 
slide, B, is held between the fingers by the wires which are 
attached to it at its two extremities, and which should be 
made short evough to prevent their being seen projecting 
above the upper surface of the hand. The magic rod is in- 
troduced into the slide when the hand is pearly closed. The 


DO 


Fie. 2.—THE FINGER TRAVERSED BY A NAIL. 


rod may be taken out and showed to the spectators, be put 

back in the slide, and the experiment be begun over again. 
| In order to complete the illusion, the experiment should be 
accompanied with magic ‘‘ passes.” 

The jugglers of the middle ages knew how to perform 
| analogous experiments; they knew, for example, the method 
| of causing a large nail to traverse the finger,.and some of 
| them even simulated spots of blood, which made the illusion 
| more complete. Fig. 2 shows how the experimevt is per- 

formed, the arrangement of the nail being exhibited at the 
| bottom. This nail is cut in two, and the gee are joined by 
| a semicircle soldered to the extremities. In order to perform 
the experiment, it is necessary to have an entire nail to be 
showu to the spectators, so that they may see ‘‘that it has in 
no wise been prepared for the occasion.” The operation is 
or reomgaaa with the prepared nail after the otber has been 

idden. 

One of the most curious illusions that can be recommend- 
ed to amateurs 1s that of the enchanted cane. The operator 
;mukes this appearance with a cane that an assistant has 
| handed to him. He seats himself, with his legs slightly 
j apart, stands the cane upright on the floor in front of him, 
and with his rigbt band throws torrents of magnetic fluid at 
it, while his left hand still keeps it in position. The cane 
is now immovable, the hand that beld it is removed, and, 
mirabdile dictu, it stands upright, in equilibrium and entirely 
isolated. 

To perform this interesting trick it is necessary to take a 
very fine black thread about two feet in length, and attach 


Fie. 3.—-THE ENCHAN'TED CANE. 


a black pin to each extremity. These pins are fastened to 
one’s pautaloons at about the height of the knees. The 
thread is invisible from a distance of six feet, so that the 
operator can walk about without its being perceived. When 
he is seated and wishes to make the cane stand upright, itis 
placed between the knees, near the body, and gradually re- 
moved farther away until it meets the taut thread that serves 
to support it. 

It was by an analogous process that the celebrated presti- 
digitator Hermann held a small rod in the space between 
his separated hands. He held it by two long, very fine 
black bairs attached to each extremity. This experiment, 
which was really the easiest of all that he performed, passed 
nevertheless for the most wonderful. 

These few examples well show that, by certain ingenious 
processes, often very simple, it is easy to produce illusions 
which hide the reality. As may be seen, a table may be 
raised or moved without spectators perceiving the process 
employed for doing it. This is what is done by the juggler- 
mediums who operate before the Spiritualist spectators of 
good faith, the class, we doubt not, to which belong the 
signers of the letters that have been addressed to us, 

It would not be suspected how large a number of clairvoy- 
ants, mediums, etc,, there are in Paris working the love of 
the marvelous and supernatural. There are mediums who 
are paid so much a seance, and who make the pretension, 
would it be believed, of writing under the dictation of the 
dead whose soul they invoke. And these people have assidu- 
ous and convinced customers, who admire them and pay 
them! Oh, buman credulity !—La Nature. 


NEW APPARATUS FOR THE EXAMINATION OF 
PETROLEUM. 


In most of the apparatus used for the determination of 
the flashing point, the petroleum is heated to a temperature 
at whicb the evolved gases produce an explosive mixture 
with that portion of air which which surrounds the lower 
zone of the flame. Prior to the saturation of this air-stratum 
with petroleum vapor an inflammable gas mixture is pro- 
duced at the lower regions within the apparatus, which re- 
quires a certain time for diffusion inio the air strata 
above. The source of heat is during this time not removed, 
and the temperature of the petroleum is thus continually 
raised. The determination of the flashing point, by such a 
method, resolves itself into an exceedingly indirect and 
therefore unreliable determination of time. In order to ob- 
tain identical results by re-examination of the same petro- 
leum with different apparatus, all conditions which affect 
the slow diffusion of the vapor must identically reappear, 
t. é., the distance from the surface of the oil to the flame 
witbin, the more or less rapid heating of the oil, must be 
identical in the various experiments. The latter depends on 
a series of other conditions—of which 11 have been 
enumerated-——which demands an exact examination of the 
relative dimensions of the different parts of the apparatus, 
In the apparatus of Victor Meyer, petroleum is mixed with 
air and io the tester of Liebermann, Beilstein and Stoddard 


air 1s forced threugh petroleum—tne detrimental effect 
caused by diffusion being here avoided; but the conditions 
under which the petroleum is examined are quite different 
from those existing in ordinary lamps. The apparatus of 
Heumann, like that of Victor Meyer, permits the formation 
of a homogeneous gas mixture consisting of petroleum 
vapor and a measured air volume. 

The construction of the tester is most simple. A strong 

lass jar, filled te one-half of its capacity with petroleum, 
i placed in a water-bath of sheet iron, and is furnished with 
a cover of hard rubber with perforstions for the thermome- 
ter, stirrer, ¢, and burner, d, Petroleum and gas are agi- 
tated by paddles; they are of sheet brass, aud are attached 
obliquely to tbe shaft. 

The burner consists of a bent brass tubing, dk, through 
which is forced either a mixture of petroleum-ether and air 
or illuminating gas; on lighting, the gas issued atd, a flame 
of 5 mm. height being produced. The opening for the flame 
is ordinarily closed by meaus of the small hard rubber disk, 
m, For mukivg a test the knob at & is forced downward; 
the flame is thus thrust down into the glass jar, and is push- 
ed home by the spring, ¢, whenever the pressure has ceased. 
When the gas mixture has become inflammable, the flame, 
when introduced, is extinguisbed by the force of detonation; 
but when it continues to burn after entering, the stirrer is 
then worked slowly until tie temperature has been raised 
for 16° to 1°; the test is then repeated. 

This method for mixing gases excludes the objectionable 
effect caused by diffusion, and tbe result of a test is not al- 
tered by a slow or rapid heating of the petroleum. This is 
a cause why an apparatus of such a simple construction can 
be used. Neither the size of the water-bath vor that of the 
glass jar effects the result; the initial temperature of the water 
may vary from 2° to 23° C. without impairing the result. It 
is but necessary to conduct the evolution of gases in such a 
manner as to be enabled to perform the experiment with 
care, 

The new apparatus determines the temperature of petroleum 
at which it transforms an equal volume of air into an in- 
flammable gas mixture, thus marking the relative magni- 
tude of the petroleum and air volume. The determination 
of the flashing point by this method has received a general 
scientific value, as it does not depend on such conditions, 
é. é., position of the thermometer, distance between oil sur- 
face and flame. which are of greatest importance in the 
examination of petroleum with similar apparatus. 

Results collected by Heumann show that his tester is far 
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g while the results ob- 
tained with the new apparatus did differ 0°17° only. More 
than 12 tests were made with each apparatus, It requires 
but little skill to work successfully with the tester, and a 
test can be performed by persons unaccustomed to experi- 
mental work. Numerous tests have been made to prove that 
a difference of 0°5 is neither caused by the initial tempera- 
ture of the water bath nor the size thereof; and the dimen- 
sions of the glass jur can also vary within wide limits, 
The depth to which the flame is forced down, the number 
of tests, being 5 or 13, the execution of the test, rapid or 


tester gave av average difference of 1°, 


siow, the pumber of revolutions, 30 or 60 per minute, the | 


position of the thermometer, and the temperature of the air 
have vo effect upon the result. The quantity of the petro 
leum used is of little importance—it may mount in the feed 
ing funnel 
thus that the distance from the oil surface to the flame may 
be changed without changing the result. —Chemiker Zeitung. 


BOURDON’S WATER BELL. 


DIFFERENT means have for along time been employed by 
constructors of hydraulic apparatus for producing with the 


BOURDON’S WATER BELL. 


water issuing from a nozzle a sort of semi-transparent bell fed 
by a reservoir placed slightly above the basin into which the 
water empties. The appuratus shown in the annexed figure 
is designed to produce a bell of this kind, but one that is 
more limpid and more complete than those obtained by the 
methods usually employed, and which all consist in causing 
the water to issue through a very fine annular orifice, or in 
projecting the liquid jet against a disk of polished metal. 
The bells produced by these different apertures are always 
fringed throughout their circumference, and are wanting in 
transparency. 

The arrangement employed in the apparatus here figured 
gets its character of novelty from the manner in which the 
liquid vein is spread out at the moment that it leaves the 
orifice of the nozzle, Instead of causing it to strike against 
a metal plate whose surface, although carefully polished, 
always exhibits some imperfection, Mr. E, Bourdon opposes 
to it a column of water against which the vein expands, and 
falls into the receptacle in forming a bell as transparent as 
erystaland sufliciently air-tight to cut off communication 
between the mternal and external air. 

The construction of the nozzle is very simple. The pipe 
that leads the water from the reservoir terminates in a noz- 
ale of trunco-conical form of about 12 degrees angular aper- 
ture, 80 as to cause all the fluid veins to converge toward the 
middle of the jet. Then, above, there is arranged concen- 
trically with the nozzle a glass tube about 20 centimeters in 
length, and of the same internal diameter as the orifice 
through which the water rises from the reservoir. This tube 
must be supported by a copper rod fixed either against the 
wall or to the edge of the vessel, and the distance of its 
lower, polished extremity must be regulated so as to be two 
centimeters from the trunco-conical nozzle. The reservoir 
should be kept at a constant level by means of a float cock 
The jet sbculd have a head of about 60 centimeters. As in 
all water jets, there should be a cock for regulating the flow 
and for stopping it at will, The apparatus being thus ar- 
ranged, and the basin filled with water up to the water pipe 
the cock is to. be gently turned on. This being done, the 
water will traverse the space comprised between the nozzle 
and the tube, and will rise in the latter to the height of a few 
centimeters, Then there will be seen forming a ball of 
ovoid form, whose diameter we must progressively increase 
by slowly opening the cock until the bell assumes a hemi- 
spherical shape. If, at this moment, we slightly diminish 
the aperture of the cock, the bell will change form, its rim 
will descend to the plane of the water in the vessel, and its 
profile, becoming at once modified, will cause a bell to ap- 
per similar to those used by gardeners, 

_ By a very simple means it may be opened, and a statuette, 
lighted candle, bird cage, ete., be placed beneath it. ‘To ef- 
fect this it is only necéssary to insert a very fine copper wire 
Into it in a vertical direction toward the top, when a vertical 
fissure will be formed, and the two sides will separate like 
window curtains aud remain thus until the wire is removed. 

Several experiments may be readily performed with this 
bell We have said that a cage containing a bird might be 
introduced into it, Upon placing a lighted candle along- 
side of the cage and closing the bell, the flame will be ob 
served to gradually grow weaker, and the bird would die of 
asphyxia, provided the experiment were sufficiently prolong- 
ed, It will be readily understood that, the tightness of the 
bell being perfect, the air that it contains soon becomes 
vitiated, not ouly by the combustion of the candle, but also 
by the respiration of the bird, and so it is through want of 
respirable air that the latter would become asphyxiated 
were the bell not opened when symptoms of the trouble 
were discovered, The complete separation of the external 
from the internal air may be demonstrated by another ex 
periment If we place « music box or other mecbani- 
cul object producing «a sound beneath the bell, the sound 
will be notably diminished through the interposition of the 
thin sheet of water forming the sides, Lf, by a-suitable ar- 
rangement, we direct (as in Colladon’s fountain) a ray of 


lg inch below or above the mark—and we sec | 
| no opening and one that is perfectly. 


. . | 
superior to that of Abel. Examinations made with Abel's | colored light toward the base of the ascending jet, we will) 


obtain a bell whose colors may be varied at will and whose 
entire surface will emit luminous reflections having a very 
beautiful effect. 

Upon attentively observing the different modifications that 
occur in the development and transformations of the bell in 
measure as we allow a larger quantity of water to flow, we 
may follow the curious effect due to the contest that arises 
vetween the force of projection and the molecuiar attraction 
of the vein of water, which latter in the first place assumes an 
ovoid form aud then progressively increases in size until the 
force of projection, becoming dominant, obliges the vein to 
assume the form of a hemisphere and finally that of a_ bell 
resting by its rim upon the surface of the water in the 
basin. It is hard to realize that the molecule of water, 
without the admixture of any foreign substance, can have 
sufficient power of cohesion to form a shect that prevents 


Although as yet experiments with this bell have only been 
made with nozzles not exceeding 20 millimeters in diameter, 
it is pretty certain that bells might be formed with appara- 
tus of much greater dimensions. It would be possible to 
form bells three or four meters in diameter, under which 
we wight walk or sit, as perfect as those of 60 or 80 centi- 


timeters. It goes witbout saying that a pipe would have to 
be arranged to secure a renewal of the air in the interior. 

It is necessary to remember, as a basis for calculation, that 
the jet or orifice of the nozzle must, in diameter, be ,\ of 
that of the bell to be formed, say two centimeters for a one- 
meter bell. —La Nature. 


THE TRIPLE PICTURE. 


THE object shown in the accompanying engravings is far 
from being a new invention, for specimens of it are often 
seen at public fairs, and it is probable that it bas been manu- 
factured from a very ancient epoch, The idea of this little 


Frias, 2 anp 3.—DETAILS. 


device is ingenious and ———. and, as the manner in 
which it is made is pot generally known, we shall describe 
it, hoping that more than one reader will take advantage of 
our directions. The following is the simplest modus vper- 
andi: 

Take three chromo-lithographs, of the same dimensions, 
which are printed on thin paper, and which we shall call A, 


B, and C, and cut them into vertical strips of about 0°01 m. 
in diameter. 


upen a thin sheet of paper of the same width as {he 
chromos, but of three times their length. There is thus ob. 
tained a very odd picture, in which none of the persons 
flowers, landscapes, etc., can be distinguished. The strips 
alone appear distinct to us in the uniform order, a’ b' ec’, a? }? ¢ 
(Fig 2). When the paste is dry, the sheet 
is to be folded like a fan, as shown in Fig. 3, and the two 
halves, a and }, of each fold are to be pasted together, back 
to back. The dihedral angle thus disappears, and we then 
have a series of small planes perpendicular to the plane of 
the background; and the triple picture is formed, 

Seen from the front, this picture exhibits the plane, ( 
which seems to slightly hide the edges of the other two 
planes. Upon moving a step at the left of the picture, our 
eye passes successively from the external edge of facet, a', to 
the internal edge of facet, a*, from a@* to a*, and so on, and 
perceives the plane, A, without any other break than that 
caused by a series of parallel and vertical lines which in 
no wise interferes with its sharpness, Taking a step to the 
right, we in the same way see the part, B. When mounted 
in a frame that bas been made sufficiently deep for the pur- 
pose, this sort of a picture is truly curious, and gives rise to 
a very interesting optical illusion. 


PNEUMATIC LIGHTING. 


For a few mouths past, Parisians have remarked a system 
of lighting which has been introduced into the Cafe de 
Paris, Avenue de |’Opera; and several of our readers have 
asked us for some information in regard to this process, which 
gives a very intense light, comparable in brilliancy with 
the Drummond. It is, in fact, a light due to the combus- 
tion of a mixture of air and illuminating gas forced by pres- 
sure over a platinum basket which becomes incandescent. 
The system is due to Mr. Victer Poop, well known for his 
pneumatic clocks. 

The burner, properly so called, is shown in section and 


PNEUMATIC BURNER. 


external view in the anvexed cut. The illuminating gas 
circulates in A, while the tube, B, leads in the air undera 
proper pressure, This current of air causes a suction and 
carries along with it the combustible gas, and mixes there- 
with before reaching the burner. The entrance of the gas 
and air into the tubes, A and B, is regulated by means of two 
cocks upon whose axes are keyed two toothed sectors, C 
and C, that mesh with one another. A key, F, serves to 
maneuver one of the cocks, and the motion of this causes 
that of the other. The burner, properly so called, which is 
fixed to the upper part of the tube that leads the gases, con- 
sists of an iron cup, D, which receives the gaseous mixture, 
and which is covered with a cap, M, of refractory material 
pierced with’oblique apertures, and surmounted by a per- 
forated platinum cane, N. The gaseous mixture, being 
superheated through conductivity in the cap and annular 
space in the iron cap, heats the platinum cone to in- 
candesence and thus makes it the focus whence the light 
proceeds. The arrangement of tbe burner is very simple, 
but, in order to operate it, it is necessary that the mixture of 


These strips, havivog been numbered by sheet | gas and air shall be made in proper proportions and at a 


form left to right, are to be pasted alongside of each other | definite pressure, thus necessitating the use of troublesome 


Fig. 1.—THE TRIPLE PICTURE.—SEEN FROM THREE DIRECTIONS. 
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and into the details of which we sball not enter, since our 
only object is to give the principle of the system. 


NEW PUBLIC OFFICES, LONDON. 


Tue building intended forthe joint accommodation of the 
War Office and the Admiralty will occupy a large space on 
the west side of Whiteball and great part of Spring Gardens, 
extending to the Parade and the Mall in St. James’s Park. It 
will stand in Whitehall adjacent to the Horse Guards, cover- 
ing the site of the present Admiralty, and a good deal of 
additional ground. There bas been a competitive exhibition 
of architects’ designs, from which the judges, including the 
First, Commissioner of Works and the Chancellor of the Ex- 
chequer, Mr. W. H. Smith, M P., and two professional ad- 
visers, bave chosen the one shown iu our illustration. It is 


RAILWAY ARCHITECTURE.—GRAVERS STATION, PHILADELPHIA AND READING R. R. 


that contributed by Messrs. Leeming and Leeming, brothers, 
of Halifax. It comprises, in the interior,a great oblong 
quadrangle, 219 ft. long by 80 ft. wide, entirely surroanded 
by the buildings; those of the War Oftice being to the left 
hand of the Whitehall eutrance, overlooking the Hore 
Gnards’ parade at the back; and those of the Admiralty on 
the Spring Gardens side, where the broad roadway of the 
Mall will be continued, opening into Whitehall, but leaving 
Messrs. Cocks and Biddulph’s bank at the coruer. The 
architects propose to adorn the south end of the Whitehall 
front witha lofty tower, 260 ft. high, close to the Horse 
Guards; while each angle of the St. James's Park front will 
be surmounted by a tower, with au elegant cupola, directly 
underneath which towers respectively, ov the first floor, 
will be the apartments of the two ministers, heads of the 
official departments, the Secretary of State for War, and the 
First Lord of the Admiralty. This appears to be a very ap- 
propriate as well as stately and even magnificent design, 
but some objection may be raised to the costliness of the 
higher tower in front, and it may be feared tbat the effect 


regulating apparatus, which are unavoidably complicated, | would be to reduce the low Horse Guards’ building;to extreme 
| insignificance, and to provoke a demand for its reconstruc- 


tion. Avother objection bas been taken to the design as it 
now stands, upon the ground that the intermediate court or 
quadrangle, between the two sets of offices, being entirely 
closed in by bigh buildings wiil vot allow ventilation. But 
it would probably not be difficult, though with a sacrifice of 
| much ground-space for the buildings, to throw open the rear 
of this court to St. James’s Park. Our illustration will give 
/an idea of the external beauty and elegance of the proposed 
buildings, which are in the Renaissance style of architecture, 
with rounded wiudows separated by Corinthian columns on 
the privcipal floor, and with rvof-turrets, in pairs, topped by 
small domes, upon which it is suggested that statues may be 
ylaced. The three angle towers, the tall one looking over 

hitehall, and the other two, on the Park side, marking tie 


distinct location of the War Office avd of the Admiralty, 


seem to be the most conspicuou: architectural feature outside. 
The interior arrangements for the different offices, in which 
altogether nearly 1.400 persons—clerks, messengers, and 
servanis—are usually employed, ure said to be very con- 
venient. The largest apartment is the Naval Board room. 
The buildings will contain three floors to be occupied for 
business purposes,—ZJlustrated London News. 


BOILER EXPLOSIONS.—THE CAUSE AND THE 
REMEDY. 
By Tuomas Kays. 
SINCE the introduction of steam as a motive power, and 


The theory most generally accepted was that of low water. 
This theory was in conflict with tacts as established by un- 
questionable evidence, and therefore many refused to ac- 
cept it 

The other theories were alike erroneous, and the result 
was much contusion of opinion upon the subject. The real 
cause was discovered by Donicl T. Lawson, of Wellsville, 
Ohio. He conceived the idea, and has fully demonstrated 

| the fact, that water is an explosive, and that all steam-boiler 

| explosions are caused by the explosion of superheated water; 

| that the explosion occurs upon a sudden reduction of pres- 
sure followed by a sudden check to the exploding water, the 
result of which is a striking blow far in excess of the teusile 
strength of boilers, 

The Lawson theory, briefly stated, is this: 

The only explosive material about a steam-boiler is water; 
and water when superheated, which can be done only un- 

, der pressure, will explode upon a sudden removal of that 
| pressure, with « force quite equal to that of dynamite, 

| The boiling-point of water varies with pressure. In a 
| vacuum water boils at 70° sensible heat. Under atmospheric 
pressure it boils at 212°, and cannot be made hotter unless 
confined under additional pressure, because the escaping 
steam carries off the heat as fast as fire can impart it. Io a 
steam-boiler under |0 |b. pressure it boils at 241°; 50 Ib., 
800°; 100 Ib., 340°; 200 Ib., 389°. 

Water when heated to the boiling point requires 966° ad- 
ditional beat to change it from the state of water to the state 
of steam. This change is substantially instantaneous at all 
pressures. As each molecule of water absorbs the last of the 
966°, it instantly explodes into steam. As the last degree is 
absorbed cohesion is overcome, and repulsion becomes the 
predominant power. 

The change of steam to water is also instantaneous, 
Steam remains in its new state only so long us it retains the 
966° of latent beat; and the moment it at full volume, with 
only 212° of sensible heat, parts with one of these degrees of 
latent heat it returus to water, 

The explosion of water is similar to that of guopowder in 
some respects, but different in otbers. Each grain of gun- 
powder passing from the solid to the gaseous state explodes 
when it has absorbed a certain degree of heat, So with 
water. Each molecule of water, jat the instant it has ab- 
sorbed 966° of heat above the boiling-point, explodes and 
passes from water into steam, The expansive quality of the 
two is different, powder increasing in bulk 800 times, while 
water increases 1,720 times. The mode of exploding and 
the general result, large and suddev increase of bulk, are 
similar. In other respects they differ widely; the explosion 
of powder is by chemical uction; the explosion of water is a 
physical change only. 

Water differs widely from powder and al) other explosives 
in avother remarkable particular, Only a portion of che 
water may explode—one molecule, the half, or the whole 
mass. These various amounts in explodiug produce results 
ranging from vioient explosions to mild ruptures and the 
safe operation of the boiler. 
| When a grain of powder starts to go from the solid to the 

gaseous state, no power can stop it. It may be confined, but 
combustion, once begun, goes on to completion. So with 
u molecule of water, It may be put under such pressure 
that it will not fully expaud, but, ovce begun, it changes its 
state from water to steam. 

The true source of the development of the great destruc- 
| tive power in a steam-boiler in the sudden concentration of 
| the sensible beat in the water above 212° (or above 7U° in 
| case of a vacuum caused by the condensation of steam) into 
}a part of the molecules of water, passing into them the 966° 
| necessary to change them from the state of water to the state 

of steam, 
| That the stored beat ip a boiler concentrates to form steam 


in the face of continuous investigation, the cause of steam | is shown by tamiliar experiments: 

boiler explosions bas until recently remained a profound| As, for instance, causing water at less than 212° to boil by 
mystery. The theories of explosions were numerous. ‘The | placing it in a vacuum; or by merely condensivg the steam 
most prevalent were ‘‘ low water,” ‘* bot iron,” * high pres- over heated water iu a bottle. 


sure,” ‘* mere escape of steam,” ** superheated steam,” *‘elec- 
trical,” gaseous,” and the ‘ spheroidal.” 


| Again, take a steam boiler under a pressure of 100 pounds 
and a corresponding temperature of 340°, Remove the fire, 
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raise the sufety-valve, and the water will begin to boil, and 
generate and give off steam continuously as the pressure is 
reduced, until a temperature of 212° is reached, and enough 
steam will be thus generated and blown off to fill the boiler 
very many times 

hese tests show that the boiling-point of water is lowered | 
by simply diminishing the pressure. They show this, and 
also show the true theory of boiler explosions. They prove 
in the most conclusive manner that the sensible heat above 
70° stored in the water concentrates in a part of the 
molecules of water, giving to them the 966° necessary to 


change them into steam, The water ceases to boil, no 
heat is applied, and by merely reducing the pres- 
pure the water again boils. The 966° above the boiling- 


point necessary to cause ebullition are not absorbed from the 
fire at the instant the water begins to boil the second time, 
They are already stored up in the water. 

Take a boiler containing 10,000 lb. of water at a pressure 
of 200 Ib., and corresponding temperature of 389°. Sud 
denly reduce the pressure to 50 1b. per square ineb, under 
which pressure water explodes at 300°. There are stored in 
each of the 10,000 Ib. of water 89° of sensible heat above 
the exploding point—in the aggregate 890,000 thermal units, 
enough to convert 921 1b. of this superheated water into 
steam. In an instant these 89 of sensible heat in each 
pound of water are absorbed by the molecules of water at 
the surface and for a considerable depth, and suddenly these 
921 Ib. of superheated water explode into steam. 

Thus it will be seen that there is sufficient destructive 
power stored in the boiler when thus put in action to cause 
an explosion. If the reduction of pressure caused by the 
withdrawal of steam be moderate, and such draught be con- 
tinuous and uniform, there will be no danger; but if the 
draught is considerable in quantity and instantly checked, 
the nascent steam thus suddenly formed and thus suddenly 
checked will give an impact, or striking blow, upon the 
shell of the boiler, the aggregate force of which is equal to 
the weight of the water before it passed into nascent steam 
multiplied by the square of the velocity with which it 
strikes 

The instantaneous check to the exploding water acts upon 
the boiler with the same effect as that produced by quickly 
closing the valve of a water-main. In the one case it is the 
weight of the falling water, and in the other it is the force 
of exploding water, but the striking effect of the blows is 
the same and is measured by the same rule. 

Take a boiler 48 inches in diameter, 19 feet long, and 
place in it 10,000 Ib. of water. Then raise the temperature 
to 400°, and the corresponding pressure will be about 235 
Ib, About shy part of the water, or 50 |b., passes into steam, 
occupying the balance of the space of the boiler, about 86 
cubic feet. The temperature is 188° above 212°. The 
amount of sensible beat, above 212°, stored in the remaining 
9,950 lb. of water is 1,870,600 thermal units, equivalent in 
mechanical energy to 1,444, 103,200 foot-pounds. Suddenly 
reduce the pressure from 235 1b, to normal, At 235 Ib, it 
required 400° to evaporate water, at normal pressure only 
212°—a difference of 188°. There are stored in the boiler 
1,870,600 units of sensible heat above 212°, enough to con- 
vert about 1,936 |b. of the remaining water into steam, 
which would occupy, under 235 lb. pressure, about 3,000 
cubic feet of space. Rating the velocity of the nascent 
steam at one-half the velocity of full steam discharged into 
the air (1,967+2) would give « striking force of over 23,000 
Ib. per square inch upon the shell of the boiler, 

Again, start with a pressure of 25 Ib. (at which the West- 
field exploded in New York city in 1871), and a correspond- 
ing temperature of 269°, only 57° above 212°, and the 
amount of sensible heat stored above 212° would be 567,150 
thermal units. Reduce the pressure to 0, corresponding to 
70°, and the 9,950 Ib. of water would contain 1,980,050 
thermal units, sufficient to convert 2,049 Ib. of water into 
steam. Rating the weight of the water and the velocity of 
the nascent steam as in the last case, this would give a strik- 
ing blow of over 24,000 lb. per square inch, 

Take a boiler half full of water, under a pressure of 200 
Ib. and at 389°, aud suddenly inject into the steam-space a 
quantity of cold water, Condensation is instantaneous. 
Instantly the superheated water at 389° is in a vacuum 
where it will explode at 70°. Under these circumstances 
a large portion of the water will explode into steam, and, 
whether one-quarter, one-half, or the whole, the striking 
force will be sufficient to tear into shreds any boiler ever 


made. } 

If the withdrawal of steam is slight, even if foliowed by | 
a sudden check, no damage ensues with boilers of the usual 
tensile strength; but if the withdrawal be considerable and 
the check instantaneous, an explosion follows. With the 
varying degress of draught and sudden check come violent 
explosion, and mere rupture. 

The distinction between rupturing and exploding is gener- 
ally overlooked. When a boiler gives way at a weak point, | 
resulting in damage, it is often called an explosion. When 
ruptured by mere pressure, the force exerted upon the shell 
being gradual and uniform, the weak point yields while the 
balance remains intact. Serious damage may result, but a 
uniform and unobstructed flow of steam never produces the 
phenomenon properly called an ‘* explosion.” 

With an explosion the actual destructive force exerted is 
not measured by the tensile strength of the boiler nor by the 
regular pressure of the steam. The force is far in excess of 
either— five, ten, and often twenty times as great; an im- 
mense aggregate concussive and destructive force, that tears | 
asunder the weak and the strong parts at the same instant, | 
and demolishes everything within a large radius. 

Ali writers on steam-boiler explosions, in trying to account | 
for their violence, bave made the mistake of comm c.cing | 
the caiculation at a point of time after the rupture has com- | 
menced. The fact is, there is violent internal actioa at the 
instant preceding the actual rupture of the boiler, and the 
rupture is the result of such action. Rupture may be caused 
by the mere pressure of steam, but it is usually caused by | 
an internal concussive force, It is certainly illogical to say 
that boilers are ruptured or burst by mere pressure, while 
working with a pressure of only oue-fifth their actual ten- 
sile strength. 

The rational solution of a steam-boiler explosion is this: 

The water in the boiler, under pressure, is superheated, 
and possesses a bighly expauvsive power. Upona sudden re- 
moval of the pressure, without a corresponding reduction of 
the temperature, it starts into violent evaporation, This 
mass of nascent steam is checked by coming in contact with 
the solid and unyielding shell of the boiler. The result is 
that the aggregate force of this nascent steam strikes every 
square inch of the shell of the boiler at the same instant and 
with the same force, and with a power far in excess of the | 
tensile strength of the boiler; and, moreover, this force is | 
augmented at the instant the shell gives way by an im-| 
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the water in the boiler. 

This theory is in unison with natural laws, and upon it 
every explosion, bursting, or rupture of steam-boilers can 
be fully explained, and cannot be upon any other. 


REMEDY. 


Mr. Lawson having discovered the cause, naturally turned 
toward the remedy, which is a simple one, and consists in the 
construction of a boiler with a partition plate or diaphragm 
dividing it into two compartments, the lower containing the 
water, and the upper containing steam only. The steam 
passes from the lower to the upper compartment through 
numerous small perforations and a number of small valves 
in the diapbragm. 
and perforations should be Jess than the valve through which 
the engine is supplied. By this means the pressure upon 
the surface of the superheated water is kept approximately 
uniform, and all sudden explosions of any dangerous quan- 
tity of water into steam, and consequent striking blows, are 
avoided. 

The diaphragm extends the length and width of the boiler, 
and is firmly riveted to the sides and ends thereof, as shown 
by Figs. 1 and 2. It may be circular or flat, and so located 
as to cut off about two-thirds of the usual steam space. 


SIDE V 


The aggregate openings of the valves | 


superheated water in the lower compartment, as shown by 
the gauges. remains approximately uniform with that in the 
upper, with the engine in full operation. Thus arranged 
any unusual and sudden withdrawal of steam from the up. 
per chamber is attended with no possible danger, 

Boilers thus constructed and arranged are protected 
against explosions, whether the water wholly or partially 
fills the water compartment. If wholly filled, a sudden ré- 
duction of pressure in the steam compartment can instantly 
effect only the surface of the water to the extent of the ag- 
gregate area of the perforatious and valve orifices, and no 
dangerous quantity of water can be thus exploded. Asx the 
pressure upon the water below the diaphragm is thus slight- 
ly reduced, small portions of the water pass into steam and 
maintain uniformity of pressure. 
| If the water should get low, thus accumulating an unusual 
| quantity of steam below the diaphragm, there can be no 

danger of an explosion. The discharge of steam from the 
| ordinary boiler into the empty pipes and cylinder, upon the 
| sudden opening of the valves, is at a velocity of over 100,000 
feet per minute, and for an instant there is a great reduction 
of pressure upon the surface of the superheated water. This 
cannot occur with the Lawson diaphragm in a boiler. With 
it the passage of steam from the water compartment below 
the diaphragm to the steam space above it is limited to that 


IEW 
Fiz. 3 


END 


VIEW END VIEW 


LAWSON’S BOILER IMPROVEMENTS. 


The perforations and valves vary with boilers of different 
size. The aggregate area of allthe perforations and valve 
orifices should be about ten per cent. less than the area of 
the steam port. In ordinary sized boilers there should be 
one perforation of one-quarter of an inch in diameter to 
each horse-power, rating ten square feet of beating surface to 
the horse-power, and such number of valve oritices of about 
two inches in diameter as to make up the balance of the ag- 
gregale area. 

This lessening of the aggregate area ten per cent. below 
that of the steam port will give a very slight .diminution of 
pressure in the engine with steam working at full stroke, 
but will practically give full pressure at every other point of 
cut-off, 

There must be two steam gauges used, one connected 
with the water space below, and one with the steam space 
above the diaphragm. 

When the boiler is set and ready for use, such small valves 
should be closed. As the steam is generated and the engine 
put in operation at its full capacity, any additional steam 
required is obtained by gradually and partially opening such 
valves until the required amount is liberated and ascertained, 
when such valves are set, aud need but little further atten- 
tion, In thus arranging such valves particular attention 
should be paid tothe steam gauges. The valves should be 
opened only to that extent at which the pressure upon the 


| quantity used by the engine with the piston moving at the rate 
| of say 600 feet per minute, and cannot exceed this precise 
amount to any great extent, although the steam may, from 
; Some unusual cause, be temporarily rushing from the steam 
space above the diaphragm fifty times as fast. The diaphragm 
limits the quantity of steam discharged from the water com- 
| partment to the exact amount necessary to drive the engine 
in full operation, and the liberation of this amount at such 
uniform rate can be attended with no possible danger. 
| The Lawson diaphragm is to the steam boiler what the air 
| chamber is totbe hydraulic ram. It performs a similar but 
/mucb more important function. The elasticity of the air 
| moderates the otherwise solid blows of water upon the pipes, 
| the diaphragm preserves uniformity of pressure upon the 
| water, and thus preveuts its explosion and the consequent 
| violent and irresistible concussive blows upon the shell of 
| the boiler. 
| Explosions are thus prevented, not by extra strong boilers, 
| but by preventing the occurrence of the cause. Boilers thus 
| constructed can be safely operated ata pressure closely ap- 
| proaching their actual tensile strength. 
| The invention is applicable to every style of boiler, and 
can be readily applied, internally or externally, to new or 
old boilers. 
| Figs. 1 to 7 fully illustrate the invention. Figs. 1 and 2 
| show an internal and Figs, 3 to 7 an exterval application. 


SCIENTIFIC AMERICAN SUPPLEMENT, No, 456. 
i and the formation of steam will cease (After a short time | mense reserve power caused by the further evaporation of 
Fig. 1 
2 
Fig. 2 STEAM 
STEAM Va 
| \ \ 
: WATER 
| = = 
END VIEW END VIEW 
Fig. 5 
Fig. 6 Fig. 7 
© 
STEAM 
3 
F WATER. : : 
= 2020 = 
XQ 
ENO VIEW 


SepreMBER 27, 1884. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 456. 


Fig. 3, moderate pressure; Figs. 1, 2, and 5, bigh pressure; 
and Figs. 6 and 7, very high pressure. 

Up to June, 1881, no person had ever intentionally ex- 
loded a boiler in accordance with any certain theory or 
lan, or with a knowledge of the true cause. 

On the 16th of that mouth, Mr. Lawson, at Munhall, near 
Pittsburg, Pa., publicly tested his theory, and exploded a 


pressure upon the water is at eve 


half stroke of the piston 
reduced below the boiling point of the previous instant. The 
successive half strokes of the piston are followed by the cut- 
off of steam, which changes the pressure upon the water. 
This gives to the water a continual churning motion, the cone- 
shaped column of water rising at each half stroke and fall- 
ing ateach cut-off of steam, the balance of the water rising 


poiler of the ordinary style having a tensile strength of 768) and falling correspondingly, This commotion is greatly in- 


ib., at a pressure of but 290 Ib., being 478 1b. less than the 
actual strength of the iron. . 

The experiment was made by suddenly discharging a con- 
siderable quantity of steam at 290 Ib. from the boiler into a 
closed cyliuder, the explosion occurring at the instant the 
cylinder was filled. 

“tn March, 1882, he made further experiments at the same 
place under the inspection of a commission of U. 5. Engi- 
neers, appointed by the Secretary of the Treasury, and fully 
tested a boiler with his invention attached. 

The boiler having the Lawson diaphragm, and being 30 
inches in diameter, with only 18 inches of water, running 
down to 11 inches, 4 inches below the fire-line, stood every 
test of rapid escape and sudden check of steam up to a pres- 
sure of 800 1b., without the slightest injury. The same 
boiler with the center of the diaphragm removed, reducing 
it to the ordinary style boiler, with 22 inches of water, 7 
inches above the fire-line, was exploded at a pressure of — 
235 1b.—65 lb, less than the same boiler had withstood wi 


| creased by the pressure being changed at rapid intervals be- 
| low the boiling point of the water of the previous instant, 
| thus causing the water to start into violent ebullition. 

With the diapbragm, the steam passes from the lower com- 
partment to the upper, not at one point, but in small quan- 
| tities at many points; and the steam used being taken from 
| the upper compartment, all the concussive force and inter- 
| mittent pressure and motion are arrested and confined to the 
| upper compartment, and the result is that the pressure upon 
| the surface of the water is uniform; there ispo rising and 
| falling of cone-shaped columns of water, no irregular pres- 
| sure, no churn-like motion to the water, vo irregular and 
| violent ebullition. 


INCRUSTATION, 


With boilers thus constructed, incrustation is wholly pre- 
vented. AlJl foreign solid substances held in suspension or 
solution are separated from the water and deposited upon 
the diaphragm, where they do not interfere with the genera- 
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water into the upper chamber before they have any chance 
to fasten themselves to the shell of the boiler. 

Thus, the mystery of boiler explosions baving been solv- 
ed, and « perfect preventive devised, accompanied by the 
attainment of dry steam, absence of incrustution, and safety 
with high pressure, are we not upon the threshold of a new 
era in the use of steam? 


PORTABLE BRIDGES. 


At the Paris Universal Exhibition of 1878, Mr. Alfred 
Cottrau, of Naples, the well known Italian bridge coustruct- 
or, exhibited models of a system of portable bridges, which 
attracted considerable attention, and for which a silver medal 
was awarded. Since that time Mr, Cottrau bas introduced 
maby modifications and improvements in his system, and in 
its latest development it forms an important collection at 
the present Turin Exhibition, under the general title of Po- 
litetragonal bridges, and made by the lronwork Construction 
Company, at their works in Castellamar (Stabia). 

Whatever may be the span (within limits), the width, and 
the load to be carried, bridges made upon this system are 
built up of three elements, Figs. 1, 4, and 5, connected 
by means of bolts or keys, and washers, as in Figs. 6 and 7. 
As examples of bridges constructed on this system, the ele- 
ments, Fig. 1, 4, and 5, weigh respectively 220 1b., 108°5 Ib., 
and 22 \b.; all are therefore very easy of transport. ‘The 
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COTTRAU’S SYSTEM OF PORTABLE BRIDGES. 


Lawson's device, under precisely the same circumstances, 
except as to the quantity of water. 
HIGH PRESSURE. 

This discovery and invention remove all obstacles to the 
use of high pressure. 

With immunity against explosion higher pressure is 
— secured, and with it greater power and economy at- 
tained. 

The invention has other advantages of great import- 
ance. 

DRY STEAM. 


It produces dry steam, and prevents *‘ foaming,” ‘‘ prim- 
ing,” or “entrainment.” 

The cause of these evils is that a large quantity of steam 
taken suddenly from a boiler at one point greatly reduces the 
Pressure upon the water immediately under the point of 
exit, while the full pressure of the steam remains upon the 


surface of the water at every other point, and the result is | 
that portions of the water are constantly forced out with the | 


steam into the cylinder. 

At each half-stroke of the piston the sudden withd--"¥ 1 
of the steam from the boiler at one point in large quantities, 
while in direct contact with the surface of the water, de- 


creases the pressure upon the water nearest to the point of | 


exit, causing it to rise up in the shape of a cone, while at all 
other points it is depressed below its former level; and, by 
the sudden withdrawal of the steam in this manner, the 


tion of steam, and whence they can be readily removed. 
This results from natural laws. All matter free to move 
occupies positions according to its specific gravity. Water 
in motion bas the power of moving solids many times its 
own weight. Air io only moderate motion piles up hills 
of sand, a substance two thousand times its own weight. 
Compressed steam bas much greater power than air. be 
water and steam in a boiler bave a rapid upward motion. 
Again, if the motion of the carrying substance is checked, 
the foreign matter it is carrying, if of a greater specific grav- 
ity, is dropped. 

In the operation of a boiler with this device, the greatest 
velocity of the steam is when it passes through the small 
orifices in the diaphragm, and the check comes when it is 
discharged into the upper compartment, and as the motion 
of the steam is checked it drops the sediment. Another 
law is that all sediment settles where there is the least mo- 
tion. 

There is still another operation constantly going on in this 
chamber, which greatly aidsin thus depositing the sediment. 
It. is this: The steam is drawn from this chamber for use. 
| At ench cut-off of the supply of steam to the engine, there 
is a slight intermittent motion to the steam iv this chamber. 
At each cut-off there is a decrease in the specific gravity of 
the steam resulting from the change of pressure, and this 
decrease of gravity and intermittent motion all tend to de- 
| posit the sediment. This boiler, therefore, with no other 
| contrivance, thus forces the solid foreign substances in the 


| 


combination and erection of these bridges, even vy unskilled 
labor, or by ordinary troops, is easy and rapid, but with 
properly trained men, a span of 65 feet can be completed 
within an hour. It is true that there exist other and well- 
known systems of military bridges, the erection of which can 
be effected in even shorter time, but the special advantage 
which Mr. Cottrau claims is that while portable bridges on 
existing systems are necessarily limited in their spans, his 
principle is applicable to relatively large openings, the 
weights of the component parts remaining always the same; 
moreover, the strength of the structure can be modified ac- 
cording to the load which bas to be carried, with much 
greater ease and economy of transport. The several ele- 
ments are made of steel, and are calculated for a working 
strain of about 7 tons per inch, which, under necessity, may 
be doubled without danger to the safety of the structure. 
There is no occasion to enlarge on the various advantages 
claimed by the inventor for this system. For military and 
other temporary purposes, portability, rapidity of execution, 
and strength, which would naturally be tested far closer to 
the ultimate limit than would be admissible in ordinary and 
permanent structures, are qualities which speak for them- 
selves. We may, however, devote some space to a notice 
of some of the typical bridges erected from different com- 
binations of the elements, and which are illustrated by 
examples at Turin. 

Figs. 8 to 12 showan application with girders 4 ft. 144 in. 
deep, and adapted for ordinary road traflic, for the passage 
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of soldiers, and for moderately heavy vehicles, In this ar- 
rangement, suitable for spans up to 74 ft., the panels are 
bolted end to end, and form a single intersection trellis 

Fig. 13 shows a method of obtaining greater stiffness, by 
bolting the elements together in the direction of their great- 
est depth, or two series of panels may be secured side by 
side, one series being shifted longitudinally through the 
length of balf a panel im such a way as to obtain a double 
intersection trellis. As is shown in the cross sections, Figs. 

10, 11, and 12, the transverse supports are obtained by 
means of similar elements placed between the longitudinal 
girders at intervals. Figs. 8, 10, and 11 show an arrange- 
ment in which the width is about 10 ft., and only one panel 
is employed. In Fig. 12 two such panels are used, and the 
width is increased to 16 ft. If desired, three elements may 
be introduced, and the width increased accordingly. Where 
additional strength is required, as for the passage of heavy 
artillery, two light channel bars with top and bottom plates | 
can be introduced instead of one as indicated. From ex- 

yeriments that have been conducted with such bridges as we | 
nave described, it has been found that a bridge of 50 ft. 

span, composed of 27 elements, Fig. 1, 36 clements, Fig. 5, | 
and 664 bolts, weigbs about 8°4 tons, and will carry safely a | 
uniformly distributed load of 11 tons, or a wagon weighing | 
4 or 5 tons may be sent over it with safety. A second bridge, 

79 ft. span, of the same type is also extremely light. Com 

posed of 42 elements Fig. 1, 12 elements Fig 3, 56 elements 

Fig. 5, and 1,050 bolts, and weighing about 5°8 tons, its safe 

working load is 41 lb. per square foot, and it can carry a 

vehicle of 7 tons. 

Bridges up to 82 ft. span, and adapted for heavy military 
service, secondary roads, etc., can be constructed according 
to the type Fig. 18, and experiments have been conducted 
with them, showing that with a total weight of structure of 
8 tons, « uniformly distributed load of 17 tons can be safely 
carried, For larger openings «und heavier loads, the ele- 
ments can be doubled as already explained, so as to make 
double intersection panels, or the width and number of main 
girders may be increased. Such a bridge 131 ft. span, weigh 
ing 495 |b. per foot run, will carry a load equally distributed 
of 165 lb. per square foot, with a strain of less than 6 tons 
per square inch. 

A further development of this system, carried out by Mr. 
Cottran, is for the construction of railway bridges, either 
for contractors, for military purposes, or for temporary work, 
and by suitably combining the different elements, spans re- 
latively considerable can be very rapidly constructed. | 
Equally the same elements can be used in the construction 
of piers, as shown in Figs, 14 and 15 

In a large majority of cases bridges constructed on this 
system can be put together on one bank of the stream they 
are to cross, and be launched into their ultimate position, 
the extreme lightness of the structure rendering this opera- 
tion comparatively easy, and without any dangerous strain 
being thrown upon the steel during the operation. And 
should it be found advisable to balance the bridge during 
the period of launching. this can be easily effected by adding | 
a sufficient number of panels of the ordinary elements. 

The great amount of care and ingenuity which so eminent 
a bridge constructor as Mr. Cottrau has bestowed on the | 
elaboration of this system of portable bridges, will doubt- 
less command for it the attention of contractors, military 
authorities, and others interested in a practical solution of 
establishing temporary communication, rapidly and efficient- | 
ly, especially in countries where the transport of materials | 
is difficult and costly. —Hngineering. 


WATER METERS. 

THE following are among the prominent devices used in 
England for measuring water. Our descriptions are from 
The Engineer. 

Fig. 1 shows the instrument originally invented by the 
late Sir William Siemens, aud manufactured by Messrs. | 
Guest & Chrimes, Rotherham. 

Fig, 1 isa section through a ‘4 in. Siemens meter, the flow | 
of water being indicated by arrows, A is the inlet pipe, 
and C a filter for preventing foreign and injurious substances 
from entering into the working parts, the filter case being | 
connected by the screw, D, so that it can be readily detach- 
ed and cleansed. E is an inner filter to arrest any solid mat- 
ter which may have escaped the first filter, either from its | 
being damaged or from some other cause. The water after 
passing through the filters is conducted down the tube, G, 
into the drum, H, and is discharged through the outlets on | 
the periphery; small vanes, which are not shown in the en- | 
graving, being fixed to the drum in order to give uniformity 
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of measurement, The drum is supported on the bottom 


FROST'S WATER METER. 


spindle, K, which basa steel pivot, and is inclosed by the 
oil cup or chamber, J. 
German silver bush, P, and bas the worm, Q, attached at 
the top for giving motion to the train of wheels, in order to 
indicate on a dial the number of cubic feet or gallons of wa- 
ter passed through the meter, the wheels working in the oil 
chamber, 8, which also prevents any foreign substance from 


getting into the teeth. The meter is covered with a cap con- 
taining the glass plate, W. Since these instruments were 
tirst introduced some thirty years ago, a very large number 
have been applied, in sizes varying from 3g in. to 12 in., 
the accuracy of measurement being stated to be within 5 per 
cent, of the actual amount of water passed. Their first cost 
being low, and bulk small, they are equally well suited for 
ordinary house purposes as for measuring the flow in large 
mains. The 12 in, meter is the largest size made, as the 
makers prefer to use the imstruments in duplicate or tripli- 
cate, so that one can be taken out for examination or repair 
without interfering with the regular supply. 

The positive meter manufactured by Kennedy’s Patent 
Water Meter Company, Kilmarnock, is shown in section in 
Fig 2. The measuring cylinder forms the base, and is fitted 
with a piston which is made to move perfectly watertight 
and almost free from friction by means of a ring of India 
rubber, which rolls between the body of the piston and the in- 
ternal surface of the cylinder. The piston is made of vulcan- 
ite, as on account of the specific gravity being about the 
same as that of water, it reverses more easily than if it was 
of iron, besides being cleaner. Each end of the cylinder is 
fitted with an India rubber seating on which the piston forms 
a water tigbt joint if back pressure should force it to either 
end of the cylinder; in this way undue pressure is prevented 
from being thrown upon the pistou roller, The piston rod 
passes through a stufting-box in the cylinder cover, 
and is attached to a rack which gears into a pinion fixed on 
a shaft, the shaft being turned in reverse directions, actuat- 
ing the index aud registering gear, as the piston moves up 
and down. The rack is kept in gear and guided in a verti- 
cal line by an anti-friction roller carried on a stud project- 
ing from a bracket. On the same axial line as the shaft isa 


tuper cock which directs the water to the upper or lower 
side of the piston according to its position in relation to cer- 
tain ports, a tumbling weight worked by the rack actuating 
the plug, and so giving « reciprocating motion to the pis- 
ton. 

In the diagram the meter is shown in the position of hav- 
ing nearly completed its upward stroke. 


The water is di- 
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The upper spindle, O, works in a! 


SEPTEMBER 27, 1884. 


| rected by the cock down the passage, D, to the bottom of the 
cylinder, forcing up the piston, which presses the water 
which had entered on the previous down stroke out through 
the passage, C, into the outiet. When the piston has moy 
ed a little further, the tumbling weight will pass its center 
of gravity and fall against an India rubber buffer, moving in 
its descent a lever, which turns the cock and reverses the 
port openings, so that the water is admitted te the top of 


| 


| the piston, while the under side is opened to the outlet, At 
}the completion of the down stroke the tumbling weight, 
which will have been lifted up by the rack, falls over on the 
| other side and moves the cock in the opposite direction, so 
| reversing the motion of the piston, 
| The registering gear is merely indicated in the engraving, 
| but will be readily understood. 
| ‘The lowest head under which a meter of this construction 
| will deliver varies from 4 in. in those of the largest size to 3 
ft. in the smallest. Under any circumstances a larger quan- 
tity can be registered than what is delivered, as the index 


Fie. 2.—KENNEDY’S WATER METER. 


merely measures the travel of the piston. We believe that 
these meters give the most satisfactory results, both as re- 
gards accuracy and durability, the average repairs not ex- 
ceeding from 2% to3 per cent. per annum on the original 
cost, All parts are made to gauge, and when any piece re- 
| quires to be replaced, it is easily got from stock. Another 


|advantage is that the pressure is not sensibly reduced, the 
effect of placing a lin. meter in a 1 in. pipe being no more 
than what would result from adding a length of 34¢ yards of 
piping. 

Figs. 3 aud 4 show Frost’s positive water meters as manu- 
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factured by the Manchester Water Meter Company, Man- 
chester. In this apparatus the tumbling weight is dispensed 
witb, the valve which regulates the action of the main piston 
being worked by a small piston in a supplementary cy!iv- 
der, the position of which is controlled by a small slide mov- 
ed by the main piston rod, the whole device being similar to 
what is generally adopted for the working of non-rotating 
steam or hydraulic engines. In the section the piston is 
shown in the middle of its upward stroke, the small valve, 
A, which is worked directly bythe main piston rod, being 
in its lowest position, so admitting water to the back of the 
small piston, C, which moves the main valve, E, so that the 
jower side of the piston, F, is opened to the supply, while 
the upper side is placed in communication with the outlet. 
When the piston approaches the top of its stroke the valve, 
A, is moved by a projection in the piston rod, so as to re- 
verse the pressure on the small piston, C, and causes it to 
travel to the other end of its stroke, carrying with it the 
main valve, E, and soadmitting the supply above the main 
piston and allowing the water to exhaust from the under 
side. The index gear is worked by a catch attached to the 
main piston rod, which is carried up and down against the 
motion plate, I, and brought into coutact with a ratchet 
wheel connected with gearing outside. The cylinder is of 
iron lined with brass, and the piston is packed with cup 
leathers. These meters are compact and durable, and work 
with very little noise. In respect to maintenance, the 
makers state that the first meter of this construction has 
been at work over eight years, and is still in constant use 
and perfect working order, though no cost has been incurred 
for repairs. All the working paris are of gun metal, 


THE DOHMEN-LEBLANC FRICTION CLUTCH. 


IN every mechanical installation there too often happen 
such accidents as the heating of bearings and slipping of 
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belts, that necessitate a more or less prolonged stoppage of 
the engine and the entire shafting. On another hand, in 
order to diminish the often unlucky consequences of acci- 
dents that may possibly occur during the work, it would be 
necessary to stop the motiou of the motor at the instant. 
This, unfortunately, is something that cannot be done com- 
pletely, on account of the live force of the fly-wbeel. The 
idea has therefore occurred to mechanftians to make the 
shafting in sections, and to connect these by means of fric- 
tion-clutches. But an apparatus of this kind must be at once 


Fig..1. 


DOHMEN-LEBLANC’S FRICTION CLUTCH. 


simple, practical, and very efficient in order that it may 
come quickly into general use. 

Among the researches made in this direction, those of Mr. 
Dohmen-Leblanc are particularly remarkable, and have re- 
sulted in the production of a clutch that gives every gua- 
rantee of facilitating the work and making the workmen 
secure against accident. This apparatus may be applied not 
only to horizontal shafts placed end to end, but also to pul- 
leys, and to straight or conical gearings, in order to render 
them fast or loose at wiil. 

Figs. 1 and 2 show in perspective and section the differ- 
ent parts that compose this apparatus, applied to the junc- 
tion of two shafts, one of which may become independent 
at a given moment. Upon the shaft, A, is keyed a movable 
sleeve, C, that carries a channel into which passes the fork 
of a disengaging gear. Four flexible, bent strips of steel 
connect this sleeve with the segments of the friction wheel, 
F, and these segyrents are guided in the hollow arms of the 
disk, G, which is likewise keyed to the shaft, A. It will be 
seen that the coupling is effected by means of the pulley, 8 
fixed upon the axle, B. When the sleeve, C, is separated 
from the intermediate disk, G, there is no contact between 
the segments and the internal surface of the felly, 8; but, if 
the sleeve be pushed from left to right, the springs, E, will 
bear against the disk, G, and straighten out sufficiently to 
force the friction blocks to come into contact with the pul- 
ley, 8. Owing to the elasticity of the steel springs, it is easy 
to gradually exert more and more pressure, so that the coup- 
ling is effected without a shock. This clutch can be set in 
action as well during revolution as in a state of rest. It gives 
rise to no lateral thrust against the shafts, and it remains in 
gear of itself without there being any necessity of holding 
the maneuvering lever by a special attachment. Still, for 
high powers, it is well to adopt a peculiar arrangement that 
we shall describe further along. Ip all cases a relatively 
slight stress suffices to throw the shaftings intw and out of 
gear. 

When it is a question of transmitting considerable power, 
the brake blocks and rim carry V-shaped grooves, as 
shown in Fig. 4. The sdherence is thus rendered greater 
by the wedging of the surfaces in contact. This arrange- 
ment permits of coustructing very powerful clutches of 
small dimensions, 

This system is adapted to applications that are as nume- 
rous as varied. Instead of serving to run two sbafts placed 
end to end, it may, for example, be arranged in the interior 
of an ordinary pulley, which becomes fast or loose at will 
upon a continuous line of shafting. The same arrangement 
is applicable in the case of a many-channeled pulley in use 
where cables are employed for transmission. Finally, where 
it is a question of two shafts that form a certain angle with 
each other, one of the cone wheels may be provided with 
this clutch. In this cuse the driving shaft carries a loose 


cogwheel, which is made fast when it is desired to transmit 
motion to the second shaft upon which the other toothed 
wheel is permanently keyed. In tbe applications of this 
clutch for transmitting low power, it is not necessary, as we 
have said, to connect the maneuvering lever wiih a fixed 


attachment. For high powers it is preferable to act through | 
the intermedium of a hand wheel mounted upon a screw. | 
This auxiliary mechanism gives not only every facility for 
setting a powerful gearing in motion, but also great security, 
through preventing the apparatus from getting out of gear | 
while running. 

Fig. 3 represents an arrangement of this nature. To the 
rigbt of the coupling there is a support cast in a piece with 
a string bracket that carries the joint of the maneuvering 
lever, B. This latter is provided at its lower extremity with 
a socket that covers the nut of a screw which is properly 
fixed to the wall. In maneuvering, the stress to be devel- 
be is evidently greater in throwing into than out of gear. 

In the first case the hand wheel of the screw is actuated, | 
{and in the second a stress is quickly exerted upon the 
| handle, A, in the direction shown by the arrow. The result 
| of this is to make the socket loose on the nut, and to carry 
|the lever simultaneously toward the left so as to effect un | 

ungearing. 

An analogous arrangement may likewise be applied for 
permitting a gearing behind a wall to be maneuvered. It 
general, with a simple transmission of levers, it will always 
be easy to cause the apparatus to act, even when it is not 

| within reach of the workman.—Reoue Industrielle. 


MEETING OF THE BRITISH ASSOCIATION, AT 
MONTREAL, CANADA, 1884. 


Tue fifty-fourth annual meeting of the British Associa- 
tion took ‘place August 27, 1884, at Montreal. It was at- 
tended by bout 800 members from Enyland, and there were 
large numbers of visitors from Canada and the United States. 
The Association met in McGill College, which was specially 
prepared for the occasion. The city of Montreal contribut- 
ed ,000 toward the entertainment of the Association. 


LORD RAYLEIGH’S ADDRESS. 


It is po ordinary meeting of the British Association which 
I have now the honor of addressing. For more than fifty 
years the Association has held its autumn gathering in va- 
rious towns of the United Kingdom, and within those limits 
there is, I suppose, no place of importance which we bave 
not visited. And now, not satisfied with past successes, we 
are seeking new worlds to conquer. When it was first pro- 
posed to visit Canada, there were some who viewed the pro- 
ject with hesitation. For my own part, I never quite un- 
derstood the grounds of their apprehension. Perhaps they 
feared the thin end of the wedge. When once the principle 
was admitted, there was no knowing to what it might lead. 
So rapid is the development of the British empire, that the 
time might come when a visit at such out-of-the-way places 
as London or Manchester could no longer be claimed as a 
right, but only asked for as a concession to the susceptibili- 
ties of the English. But seriously, whatever objections may 
have at first been felt soon were outweighed by the consider- 
ation of the magnificent opportunities which your bhospital- 
ity affords of extending the sphere of your influence and of 
becoming acquainted with a part of the Queen’s dominion 
which, associated with splendid memories of the past, is ad- 
vancing daily by leaps and bounds to a position of import- 
ance such as not long ago was scarcely dreamed of, For 
myself, J] am not a stranger to your shores. I remember 
well the impression made upon me, seventeen years ago, by 
the wild rapids of the St. Lawrence and the gloomy gran- 
deur of the Saguenay. If anything impressed me more, it 
was the kindness with which [ was received by yourselves, 
and which, I doubt not, will be again extended, not merely to 
myself but to all the English members of the Association, I 
am confident that those who have made up their minds to 
cross the ocean will not repent their decision, and that, apart 
altogether from scientific interests, great advantage may be 
expected from this visit. We Englishmen ought to know 
more than we do of matters relating to the colonies, and 
anything which tends to bring the various parts of the em- 
pire into closer contact can hardly be overvalued, It is 
pleasant to think that this Association is the means of fur- 
thering an object which should be dear to the hearts of all 
of us; and I venture to say that a large proportion of the 
visitors to this country will be astonished by what they see, 
and will carry home an impression which time will not rea- 
efface. 

‘o be connected with this meeting is to me a great honor, 
but also a great responsibility. In one respect, especially, 
I feel that the Association might bave done well to choose 
another President. My own tastes have led me to study 
mathematics and physics rather than geology and biology, 
to which naturally more attention turns in a new country, 
presenting as it does a fresh field for investigation. A chro- 
nicle of achievements in these departments by workers from 
among yourselves would have been suitable to the occasion, 
but could not come from me. If you would bave preferred 
a different subject for this address, I hope at least that you 
will not hold me entirely responsible. 


SIR W. SIEMENS, 


At annual gatherings like ours, the pleasure with which 
friends meet friends again is eadly marred by the absence 
of those who can never more take their part in our pro- 
ceedings. Last year my predecessor in this office bad to la- 
ment the untimely loss of Spottiswoode and Henry Smith, 
dear friends of many of us, and prominent members of our 
Association, And now, again, a well-known form is missing. 


| For many years Sir W. Siemens has been a regular attend- 


ant at our meetings, and to few indeed have they been more 
indebted for success. Whatever the occasion, in his Presi- 
dential Address of two years ago, or in communica- 
tions to the physical and mechanical sections, be bad always 
new and interesting ideas, put forward in language which a 
child could understand, so great a master was he of tbe art 
of lucid statement in his adopted tongue ‘‘ Practice with 
science” was his motto. Deeply engaged in industry, and 
conversant all his life with engineering operations, his opi- 
nion was never that of a mere theorist. On the other band, 
he abhorred rule of thumb, striving — to master the 
scientific principles which underlie rational design and in- 
vention. 

It is not necessary that I sbould review in detail the work 
of Siemens. The part which he took, during recent years, 


| iv the development of the dynamo machine must be known 


to many of you. We owe to bim the practical adoption of 
the method, first suggested by Wheatstone, of throwing into 
a shunt the coils of the Sald-magnete, by which a greatly 
improved steadiness of action is obtained. The same char- 
acteristics are observable throughout—a definite objeci in 
view and a well-directed perseverance in overcoming the 
difficulties by which the path is usually obstructed, 

These are indeed the conditions of successful invention, 
The world knows little of such things, and regards the new 
machine or the new method as the immediate outcome of a 
happy idea. Probably, if the truth were known, we should see 
that, in nine cases out.of ten, success depends as much upon 
good judgment and perseverance as upon fertility of imagina- 
tion. The labors of our great inventors are not unappreciated, 
but I doubt whether we adequately realize the enormous ob- 
ligations under which we lie. It is no exaggeration tosay that 
the life of such a man as Siemens is spent in the public serv- 
ice; the advantages which he reaps for bimself being as 
nothing in comparison with those which be confers upon the 
community at large. 

As an example of this it will be sufficient to mention one 
of the most valuable achievements of his active life—his in- 
troduction, in conjunction with his brother, of the regenera- 
tive gas furnace, by which an immense economy of fuel (es- 
timated at millions of tons annually) has been effected in the 
mauufacture of steel and glass. 


THE REGENERATIVE FURNACE, 


The nature of this economy is easily explained: 

Whatever may be the work to be done by the burning of 
fuel, a certain ten re is necessary. For example, no 
amount of heat in the form of boiling water would be of 
any avail for the fusion of steel. When the products of 
combustion are cooled down to the point in question, the 
heat which they still contain is useless as regards the purpose 
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in view. ‘The importance of this consideration depends en- 
tirely upon the working temperature. If the object be the 
evaporation of water or the warming of a house, almost all 
the heat may be extracted from the fuel without special ar- 
rangements. But it is otherwise when the temperature re- 
quired is pot much below that of combustion itself, for then 
the escaping gases carry away with them the larger part of 
the whole heat developed. It was to meet this difficulty that 
the regenerative furnace was devised. The products of com- 
bustion, before dismissal into the chimney, are caused to 
pass through piles of loosely stacked fire-brick, to which 
they give up their heat. After a time the fire-brick, upon 
which the gases first impinge, becomes nearly as hot as the 
furnace itself. By suitable valves the burnt gases are then 
diverted through another stack of brickwork, which they 
heat up in like manner, while the heat stored up in the first 
stack is utilized to warm the unburnt gas and air on their 
way tothe furnace. In this way almost all the heat de- 
veloped at a high temperature during the combustion is 
made available for the work in band. 

As it is now several veurs since your presidential chair has 
been occupied by a professed physicist, it may naturally be 
expected that I should attempt some record of recent prog- 
ress in that branch of science, if indeed such a term be ap- 
plicable. For it is one of the difficulties of the task that 
subjects as distinct as mechanics, electricity, heat, optics, 
and acoustics, to say nothing of astronomy and meteorology, 
are included under physics. Any one of these may well oc- 
cupy the lifelong attention of a man of science, and to be 
thoroughly conversant with all of them is more than can be 
expected of any one individual, and is probably incompat- 
ible with the devotion of much time and energy to the actual 
advancement of knowledge. Not that I would complain of 
the association sanctioned by common parlance. A sound 
knowledge of at least the principles of general physics is ne- 
cessary to the cultivation of any department. The predomi- 
vance of the sense of sight as the medium of communication 
witb the outer world brings with it dependence upon the 
science of optics; and there is hardly « branch of science in 
which the effects of temperature have not (often without 
much success) to be reckoned with. Besides, the neglected 
borderland between two branches of knowledge is often that 
which best repays cultivation, or, to use a metaphor of Max- 
well’s, the greatest benetits may be derived from a cross fer- 
tilization of the sciences. The wealth of material is an evil 


only from the point of view of one of whom too much may | 


be expected. Another difficulty incident to the task, which 
must be faced, but cannot be overcome, is that of estimating 
rightly the value, and even the correctness, of recent work 


[tis not always that which seems at first the most important | 


that proves iv the end to be so. The history of science 
teems with examples of discoveries which attracted little 
notice at the time, but afterward have taken root down- 
ward and borne much fruit upward. 


PROGRESS OF ELECTRICAL DISCOVERY AND INVENTION. 


SCIENTIFIC AMERICAN 


| ditions of the problem are far more favorable. Possibly the | be in error by more than a thousandth part. This numbe 


|severity of your winters may prove an obstacle, but it is 
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; being known, the silver voltameter gives a ready and very 


impossible to regard your splendid river witout the thought } xccurate method of measuring currents of intensity varying 


arising that the day may come when the vast powers now 
running to waste shall be bent into your service. 
| project demands of course the most careful consideration, 
but it is one worthy of an intelligent and enterprising com- 
munity. 

The requirements of practice react in the most healthy 
manner upoo scientific electricity. Just as in former days 
the science received a stimulus from the application to tel- 

| egraphy, under which everything relating to measurement 
}on a small scale acquired an importance and development 
for which we might otherwise have had long to wait, so now 
| the requirements of electric lighting are giving rise to a new 
| development of the art of measurement upon a large scale, 
| which cannot fail to prove of scientific as well as practical 
|importance. Mere change of scale may not at first appear 


a very important matter, but it is surprising how much 
modification it entails in the instruments, and in the 
processes of measurement, For instance, the resistance 


coils on which the electrician relies in dealing with currents 
whose maximum is a fraction of an ampere fail altogether 
| when it becomes a question of hundreds, not to say thou- 
sands, of amperes. 
The powerful currents which are now at command con- 
stitute almost a new weapon in the hands of the physicist. 
Effects which in old days were rare and difficult of observa- 
| tion may now be produced at will on the most conspicuous 
seale. Consider for a moment Faraday’s great discovery of 
the ** Magnetization of Light,” which Tyndall likens to the 
: Weisshorn among mountains, as high, beautiful, and alone. 
This judgment (in which I fully concur) relates to the scien- 
| tific aspect of the discovery, for to the eye of sense nothing 
could have been more insignificant. It is even possible that 
| it might have eluded altogether the penetration of Faraday, 
had he not been provided with a special quality of very 
heavy glass. Atthe present day these effects may be pro- 
duced upon a scale that would have delighted their dis- 
coverer, a rotation of the plane of polarization through 180° 
being perfectly feasible. With the aid of modern ap- 
pliances, Kundt and Rdntgen in Germany, and H. Becquerel 
in France, have detected the rotation in gases and vapors, 
where, on account of its extreme smallness, it had previously 
escaped notice. 

Again, the question of the magnetic saturation of iron has 
noW an importance entirely beyond what it possessed at the 
time of Joule’s early observations. Then it required special 
arrangements purposely contrived to bring it into promi- 
nence. Now in every dynamo machine, the iron of the 
| field-magnets approaches a state of saturation, and the very 

elements of an explanation of the action require us to take 

| the fact intoaccount. It is indeed probable that a better 
| knowledge of this subject might lead to improvements in 
the design of these machines. 

Notwithstanding the important work of Rowland and 


Such a 


| from one-tenth of an ampere to four or five amperes, 

| The beautiful and mysterious phenomena attending the 
| discharge of electricity in nearly vacuous spaces have been 
| investigated, and in some degree explained, by De la Rue 
| Crookes, Schuster, Moulton, and the lamented Spottiswoode. 
jas well as by various able foreign experimenters. In q 
recent research, Crookes bas sought the origin of a bright 
citron-colored band in the phosphorescent spectrum of cer 
tain earths, and after encountering difficulties and anomalies 
of a most bewildering kind, has succeeded in proving that ii 
is due to yttrium, an element much more widely distributed 
than bad been supposed. A conclusion like this is stated in 
afew words, but those only who have undergone similar ex- 
perience are likely to appreciate the skill and perseverance 
of which it is the final reward. 

A remarkable observation by Hall, of Baltimore, from 
which it appeared that the flow of electricity in a conduct- 
ing sheet was disturbed by magnetic force, has been the sub- 
ject of much discussion. Mr, Shelford Bidwell bas brought 
forward experiments tending to prove tbat the effect is of a 
secoudary character, due in the first instance to the mechani- 
cal force operating upon the conductor of an electric current 
when situated in a powerful magnetic field. Mr. Bidwell’s 
view agrees in the main with Mr. Hall’s division of the 
— into two groups according to the direction of the 
effect. 


THERMO-DYNAMICS, 


Without doubt the most important achievement of the 
older generation of scientific men has been the establishment 
and application of the great laws of thermo-dynamics, or, 
as it is often called, the mechanical theory of heat. The 
first law, which asserts that heat and mechanical work can 
be transformed one into the other at a certain fixed rate, is 
now well understood by every student of physics, and the 
number expressing the mechanical equivalent of heat re- 
sulting from the experiments of Joule has been confirmed 
by the researches of others, and especially of Rowland. 
But the second law, which practically is even more import- 
ant than the first, is only now beginning to receive the full 
| appreciation due to it. One reason of this may be found in 
}a not unnatural confusion of ideas. Words do not always 
| lend themselves readily to the demands that are made upon 
them by a growing science, and I think that the almost un- 
avoidable use of the word equivalent in the statement of the 
| first law is partly responsible for the little attention that is 
| given to the second. For the second law so far contradicts 
| the usual statement of the first, as to assert that equivalents 
| of heat and work are not of equal value. While work can 
| always be converted into heat, heat can only be converted 
| into work under certain limitations. For every practical 
purpose the work is worth the most, and when we speak of 
equivalents, we use the word in the same sort of special 


| 
| 


One of the most striking advances of recent years is in| Stcletow, the whole theory of the behavior of soft iron | sense as that in which chemists speak of equivalents of gold 


the production and application of electricity upon a large | under varying magnetic conditions is still somewhat obscure. | and iron. 
scale—a subject to which I have already had occasion to| Much may be hoped from the induction balance of Hughes, | heat, as a source of mechanical power, depe 


allude in connection with the work of Sir W. Siemens. 


by which the marvelous powers of the telephone are applied 


The second law teaches us that the real value of 
nds upon the 
temperature of the body in which it resides; the hotter the 


The dynamo machine is indeed founded upon discoveries | to the discrimination of the properties of metals, as regards | body in relation to its surroundings, the more available the 


of Faraday vow more than half a century old; but it has re- 
quired the protracted labors of many inventors to bring it to| 
its present high degree of efficiency. Looking back at the 


magnetism and electric conductivity. 
The introduction of powerful alternate-current in ma- 
chines by Siemens, Gordon, Ferranti, and others, is likely 


In order to see the relations which obtain between the 


| heat. 
firstand the second law of thermo-dynamics, it is only ne- 


matter, it seems strange that progress should have been so also to have a salutary effect in educating those so-called | cessary for us to glance at the theory of the steam-engine. 


slow. 
which must always, I suppose, require the experience of 
actual work to indicate what parts are structurally weaker 


obms and volts. It has long been known that when the 
changes are sufficiently rapid, the phenomena are governed 


I do not refer to details of design, the elaboration of | practical electricians whose ideas do not easily rise above | Not many years ago calculations were plentiful demonstrat- 


| ing the inefficiency of the steam-engine on the basis of a 
| comparison of the work actually got out of the engine with 


than they should be, or are exposed to undue wear and tear. | much more by the induction, or electric inertia, than by mere | the mechanical equivalent of the heat supplied to the boiler. 


But with regard to the main features of the problem, it| 
would almost seem as if the difficulty lay in want of faith. 


On this principle much may be explained that 
Totake a comparative- 


resistance. 
would otherwise seem paradoxical. 


| Such calculations took into account only the first law of 
| thermo-dynamics, which deals with the equivalents of heat 


Long ago it was recognized that electricity derived from | ly simple case, conceive an electro-magnet wound with two | and work, and have very little bearing upon the practical 


chemical action is (on a large scale) too expensive a source 
of mechanical power, notwithstanding the fact that (as 
proved by Joule in 1846) the conversion of electrical into 
mechanical work can be effected with greateconomy. From | 
this it is an evident consequence that electricity may be ad- 
vantageously obtained from mechanical power; and one 
cannot help thinking that if the fact had been borne steadily | 
in mind, the development of the dynamo might have been 
much more rapid. But discoveries and inventions are apt 
to appear obvious when regarded from the standpoint of ac- 
complished fact; and I draw attention to the matter only to 


contiguous wires, upon which acts a given rapidly periodic 
electromotive force. If one wire only be used, a certain 
amount of heat is developed in the circuit. Suppose now 
that the second wire is brought into operation in parallel— 
a proceeding equivalent to doubling the section of the origi- 
nal wire. An electrician accustomed only to constant cur- 
rents would be sure to think that the heating effect would 
be doubled by the change, as much heat being developed in 
each wire separately as was at first in the single wire. But 
such a conclusion would be entirely erroneous. The total 
current, being governed practically by the self induction of 


point the moral that we do well to push the attack persist-| the circuit, would not be augmented by the accession of the 


ently when we can be sure beforehand that the obstacles to | second wire, and the total heating effect, so far from being | 


be overcome are only difficulties of contrivance, and that we | doubled, would, in virtue of tbe superior conductivity, be 
are not vainly fighting unawares against a law of nature. halved. 

The present development of electricity on a large scale de-| During the last few years much interest has been felt in 
pends, however, almost as much upon the incandescent lamp | the reduction to an absolute standard of measurements of 
as upon the dynamo. The success of these lamps demands | electromotive force, current, resistance, etc., and to this end 
a very perfect vacuum—not more than about one-millionth | many laborious investigations have been undertaken, The 
of the normal quantity of air should remsin—and it is in-| subject is one that has engaged a good deal of my own at- 
teresting to recall that, twenty years ago, such vacua were | tention, and I should naturally have felt inclined to dilate 
rare even in the laboratory of the physicist. It is pretty safe | upon it, but that I feel it to be too abstruse and special to be 
to say that these wonderful results would never have been | dealt with in detail upon an occasion like the present. As 
accomplished had practical applications alone been in view. | regards resistance, I will merely remind you that the recent 
The way was prepared by an army of scientific men whose | determinations have shown a so greatly improved agreement 
main object was the advancement of knowledge, and who| that the Conferevce of Electricians assembled at Paris in 
could scarcely bave imagined that the processes which they | May have felt themselves justified in detining the ohm for 
elaborated would soon be in use on a commercial scale and | practical use as the resistance of a column of mercury of 0° 
intrusted to the hands of ordinary workmen. C., one square millimeter in section, and 106 cm. in length 

When I speak in hopeful language of practical electricity, | —adefinition differing by a little more than 1 per cent, 
I do not forget the disappointment within the last year or| from that arrived at twenty years ago by a committee of this 
two of many over-sanguine expectations. The enthusiasm | Association. 
of the inventor and promoter are necessary to progress, and| A standard of resistance once determined upon can be em- 
it seems to be almost a law of nature that it should overpass | bodied in a ** resistance coil,” and copied without much 
the bounds marked out by reason and experience. What is | trouble, and with great accuracy. 
most to be regretted is the advantage taken by speculators of | the electrical system, a second standard of some kind is 
the often uninstructed interest felt by the public in novel | necessary, and this is not so easily embodied in a permanent 
schemes by which its imagination is fired. But looking for-| form. It might conveniently consist of a standard galvanic 
ward to the future of electric lighting, we have good ground | cell. capable of being prepared in a definite manner, whose 
for encouragement, Already the ‘igiting of large passen-| electromotive force is once for all determined. Unfortu- 
ger-ships is an assured success, and one which will be highly | nately, most of the batteries in ordinary use are for oue 
appreciated by those travelers who have experienced the} reason or another unsuitable for this purpose, but the 
tedium of long winter evenings unrelieved by adequate | cell introduced by Mr. Latimer Clark, in which the metals 
illumination. Here, no doubt, the conditions are in many | are zinc in contact with saturated zinc sulphate and pure 
respects especially favorable. As regards space, life on| mercury in contact with mercurous sulphate, appears to give 
board ship is highly concentrated; while unity of manage-| satisfactory results. According to my measurements, the 
ment and the presence on the spot of skilled engineers ob-| electromotive force of this cell is 1°435 theoretical volts. 
viate some of the difficulties that are met witb under other; We may also conveniently express the second absolute 
circumstances. At present we have no experience of a| electrical measurement necessary to the completion of tbe 
house-to-house system of illumination on a great scale and| system by taking advantage of Faraday’s law that the 
in competition with cheap gas; ‘ut preparations are already | quantity of metal decomposed in an electrolytic cell is pro- 
far advanced for trial on an adequate scale in London. In| portional to the whole quantity of electricity that passes. 
large institutions, such as theaters and factories, we all know | The best metal for the purpose is silver, deposited from a 
that electricity is in successful and daily extending opera-| solution of the nitrate or of the chlorate. The results recent- 
tion. : | ly obtained by Prof. Kob!rausch and by myself are in very 

When the necessary power can be obtained from the fall | good agreement, and the conclusion that one ampere flowing 
of water, instead of from the combustion of coal, the con-| for one hour decomposes 4025 grains of silver, can hardly 


But in order to complete | 


| question of efficiency, which requires us to have regard also 
| to the second law. According to that law, the fraction of 
the total energy which can be converted into work depends 
| upon the relative temperatures of the boiler and condenser; 
and it is therefore manifest that, as the temperature of the 
| boiler cannot be raised indefinitely, it is impossible to utilize 
| all the energy which, according to the first law of thermo- 
dynamics, is resident in the coal. 

| On a sounder view of the matter, the efficiency of the 
steam-engine is found to be so high that there is no creat 
margin remaining for improvement. The higher initial 
temperature possible in the gas-engine opens out much wider 
possibilities, and many good judges look forward to a time 
— the steam-engine will have to give way to its younger 
rival. 

To return to the theoretical question, we may say with Sir 
W. Thomson that, though energy cannot be destroyed, it 
ever tends to be dissipated, or to pass from more available 
to less available forms. No one who has grasped this prin- 
ciple can fail to recognize its immense importance in the 
system of the universe. Every change—chemical, thermal, 
or mechanical—which takes place, or can take place, in 
nature does so at the cost of a certain amount of available 
energy. If, therefore, we wish to inquire whether or not a 
proposed transformation can take place, the question to be 
considered is whetber its occurrence would involve dissipa- 
tion of energy. If not, the transformation is (under the cir- 
cumstances of the case) absolutely excluded. Some years 
ago, in a lecture at the Royal Lnstitution, I endeavored to 
draw the attention of chemists to the importance of the 
principle of dissipation in relation to their science, pointing 
out the error of the usual assumption that a general criterion 
| is to be found in respect of the development of heat. For 
| example, the solution of a salt ip water is, if I may be al- 
lowed the pbrase, a downhill transformation. It involves 
dissipation of energy, and can therefore go forward; but in 
many cases it is associated with the absorption rather than 
with the development of beat. I am glad to take advantage 
of the present opportunity in order to repeat my recom- 
{ mendation, with an emphasis justified by actual achievement. 
| The foundations laid by Thomson now bear an edifice of no 
| mexun proportions, thanks to the labors of several physicists, 
| among whom must be especially mentioned Willard, Gibbs, 
}and Helmholtz. The former has elaborated a theory of the 
equilibrium of heterogeneous substances, wide in its princi- 

ples, and we cannot doubt far-reaching in its consequences. 
| In a series of masterly papers Helmholtz has developed the 
‘conception of free energy with very important applications 
| to the theory of the galvanic cell. He points out tbat tbe 
mere tendency to solution bears in some cases no small pro- 
| portion to the affinities more usually reckoned chemical, and 
contributes largely to the total electromotive force. Also in 
jour own country Dr, Alder Wright bas published some 
| valuable experiments relating to the subject. 

| From the further study of electrolysis we may expect to 
| gain improved views as to the nature of the chemical reac- 
tions, and of the forces concerned in bringing them about. 


| 
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Iam not qualitied—I wish I were—to speak to you on re- 
cent progress in general chemistry. Perhaps my feelings 
toward a first love may blind me, but I cannot belp thinking 
that the next great advance, of which we have already some 
foreshadowing, will come on this side. And if I might with- 
out presumption venture a word of recommendation, it 
would be in favor of a more minute study of the simpler 
chemical phenomena. 


PROPULSION OF SHIPS. 


Under the head of scientific mechanics it is principally in 
relation to fluid motion that advances may be looked for. 
In speaking upon this subject I must limit myself almost 
entirely to experimental work. Theoretical hydrodynamics, 
however important aud interesting to the mathematician, 
are eminently unsuited to oral exposition, Al! I can do to 
attenuate an injustice, to whicb theorists are pretty well ac- 
customed, is to refer you to the admirable reports of Mr. 
Wicks, published under the auspices of this Association. 

The important and highly practical work of the late Mr. 
Froude in relation to the propulsion of ships is doubtless 
known to most of you. Recognizing the fallacy of views 
then widely held as to the nature of the resistance to be 
overcome, he showed to demonstration that, in the case of 
fair-shaped bodies, we have to deal almost entirely with re- 
sistance dependent upon skin friction, and at high speeds 
upon the generation of surface-waves by which energy is 
carried off. At speeds which are moderate in relation to 
the size of the ship, the resistance is practically dependent 
upon skin friction only. Although Prof. Stokes and other 
mathematicians had previously published calculations point- 
ing to the same conclusion, there can be no doubt that the 
view generally entertained was very different. At the first 
meeting of the Association which I ever attended, as an in- 
telligent listener, at Bath in 1864, I well remember the sur- 
prise which greeted a statement by Rankine that be regard- 
ed skin friction as the only legitimate resistance to the pro- 
gress of a well-designed ship, Mr. Froude’s experiments | 
have set the question at rest in a manner satisfactory to those 
who had little confidence in theoretical prevision. 

In speaking of an explanation as satisfactory in which 
skin friction is accepted as the cause of resistance, I must 
guard myself against being supposed to mean that the na- | 
ture of skin friction is itself well understood. Although its 
magnitude varies with the smoothness of the surface, we 
have no reason to think that it would disappear at any de- 
gree of smoothness consistent with an ultimate molecular 
structure, That it is connected with fluid viscosity is evi- 
dent enough, but the modus operandi is still obscure. 

Some important work bearing upon the subject has re- 
cently been published by Prof. O. Reynolds, who has inves- 


disk should be scarcely diminished by pumping out the gas, 
so as to form a partial vacuum. Experiment fully coutirmed 
this theoretical anticipation—one of the most remarkable to 
be found in the whole history of science—and proved that| The great optical constant, the velocity of light, has been 
the swingiug disk was retarded by the gas, as much when| the subject of three distinct investigations by Cornu, 
the barometer stood at half aninch as when it stood at| Michelson, and Forbes. As may be supposed, the matter is 
thirty inches. It was obvious, of course, that the law must | of no ordinary difficulty, and it is therefore not surprising 
bave a limit, that ata certain point of exhaustion the gas| that the agreement should be less decided than could be 
must begin to lose its power; and I remember discussing | wished. From their observations, which were made by a 
with Maxwell, soon after the publication of his experiments, | modification of Fizeau’s method of the toothed wheel, 
the whereabouts of the point at which the gas would cease | Young und Forbes drew the conclusion that the velocity of 
to produce its ordinary effect. His apparatus, however, | light in vacuo varies from color to color, to such an extent 
was quite unsuited for high degrees of exhaustion, and the | that the velocity of blue light is nearly 2 per cent. greater 
failure of the law was first observed by Kundt and War-| than that of red light. Such a variation is quite opposed 
burg, at pressures below 1 mm. of mercury, Subsequently | to existing theoretical notions, and could only be accepted 
the matter has been thoroughly examined by Crookes, who | on the strongest evidence. Mr. Michelson, whose method 
extended his observations to the highest degrees of exhaus- | (that of Foucault) is well suited to bring into prominence a 
tion as measured by MacLeod’s gauge. Perhaps the most re- | variation of velocity with wave-length, informs me that he 
markable results relate to hydrogen. From the atmospheric | has recently repeated bis experiments with special reference 
pressure of 760mm. down to about 14 mm, of mercury the | tothe point in question, and has arrived at the conclusion 
viscosity is sensibly constant. From this point to the high- | that no variation exists comparable with that asserted by 
est vacua, in which less than one-millionth of the original | Young and Forbes. The actual velocity differs little from 
gas remains, the coefficient of viscosity drops down gradual- | that found from its first series of experiments, and may be 
ly to a small fraction of its original value. In_ these vacua | taken to be 299,800 km, per second. 

Mr. Crookes regards the gas as having assumed a different, It is remarkable how many of the playthings of our child- 
ultra-gaseous condition; but we must remember that the | hood give rise to questions of the deepest scientific interest. 


scribed x machine, constructed by him, for ruling large 
diffraction gratings, similar in some respects to that of Row- 
land. 


phenomena have relation to the other circumstances of the 
case, especially the dimensions of the vessel, as well as to 
the condition of the gas. 

Such an achievement as the prediction of Maxwell’s law of 
viscosity has, of course, drawn increased attention to the 
dynamical theory of gasea. The success which bas attended 
the theory in the hands of Clausius, Maxwell, Boltzmann, 
and other mathematicians, not only in relation to viscosity, 
but over a large part of the entire field of our knowledge of 
gases, proves that some of its fundamental postulates are in 
harmony with the reality of nature. At the same time it 


The top is or may be understood, but a complete compre- 
hensicn of the kite and of the soap bubble would carry us 
far beyond our present stage of knowledge. In spite of the 
admirable investigations of Plateau, it still remains a myste- 
ry why soapy water stands almost alone among fluids as 
a material for bubbles. The beautiful development of color 
was long ago ascribed to the interference of light, called into 
play by the gradually thinning of the film. In accordance 
with this view the tint is determined solely by the thickness 
of the film and the refractive index of the fluid. Some of 
the phenomena are, however, so curious as to have led ex- 


tigated the flow of water in tubes as dependent upon the 
velocity of motion and upon the size of the bore. The laws | 
of motion in capillary tubes, discovered experimentally by | 
Poiseuille, are in complete harmony with theory. The re- | 
sistance varies as the velocity, and depends inv a direct mapn- | 


presents serious difficulties; and we cannot but feel that, | cellent observers like Brewster to reject the theory of thin 
while the electrical and optical properties of gases remain | plates, and to assume the secretion of various kinds of 
out of relation to the theory, no final judgment is possible. | coloring matter, Ifthe 1im of a wine glass be dipped in 
The growth of experimental knowledge may be trusted to | soapy water, and then held in a vertical position, horizontal 
clear up many doubtful points, and a younger generation of | bands soon begin to show at the top of the film, and extend 
theorists will bring to bear improved mathematical weapons. | themselves gradually downward. According to Brewster, 
In the mean time we may fairly congratulate ourselves on | these bands are not formed by the ** subsidence and gradual 
the possession of a guide which has already conducted us to | thinning of the film,” because they maintain their horizontal 
a position which could hardly otherwise have been attained. | position when the glass is turned round its axis. The ex- 
periment is both easy aud interesting; but the conclusion 
INTERESTING OPTSCAL RESRARCEES. drawn from it cannot be accepted. The fact is that the va- 
In optics attention has naturally centered upon the spec- | rious parts of the film cannot quickly alter their thickness, 
trum. The mystery attaching to the invisible rays lying | and hence when the glass is rotated they rearrange them- 
beyond the red has been fathomed to an extent that, a few | selves in order of superficial density, the thinner parts float- 
years ago, would have seemed aimost impossible, By the| ing up over or through the thicker parts, Only thus can 
use of special photographic methods Abney has mapped out | the tendency be satisfied for the center of gravity to assume 
the peculiarities of this region with such success that our | the lowest possible position. 
kuowledge of it begins to be comparable with that of the | When the thickness of a film falls below a small fraction 
parts visible to the eye. Equally important work has been | of the length of a wave of light, the color disappears and is 


| have recently made the remarkable observation that the 


ner upon the constant of viscosity. But when we come to | done by Langley, using a refined invention of his own based | replaced by an intense blackness. Profs. Reinold and Riicker 


the larger pipes and higher velocities with which engineers | upon the principle of Siemens’ pyrometer. This instrument 
usually have to deal, the theory which presupposes a regu- | measures the actual energy of the radiation, and thus ex- 
larly stratified motion evidently ceases to be applicable, and | presses the effects of various parts of the spectrum upon a 
the problem becomes essentially identical with that of skin | common scale, independent of the properties of the eye and 
friction in relation to ship propulsion. Prof. Reynolds has | of sensitive photographic preparations. Interesting results 
traced with much success the passage from the one state of | have also been obtained by Becquerel, whose method is 
things to the other, and has proved the applicability under | founded upon a curious action of the ultra red rays iu en- 
these complicated conditions of the general laws of dyna- | feebling the light emitted by phosphorescent substances. 


mical similarity as adapted to viscous fluids by Prof. Stokes. 
In spite of the difficulties which beset both the theoretical 
and experimental treatment, we may hope to attain before 
long to a better understanding of a subject which is certain- 
ly second to none iu scientific as well as practical interest. 


VISCOSITY OF FLUIDS AND GASES. 


As also closely connected with the mechanics of viscous 
fluids, I must not forget to mention an important series of 
experiments upou the friction of oiled surfaces, recently ex- 
ecuted by Mr. Tower for the Institution of Mechanical En- 
gineers. The results go far toward upsetting some ideas 
hitherto widely admitted. When the lubrication is adequate, 
the friction is found to be nearly independent of the load, 
and much smaller than is usually supposed, giving a co- 
efficient as low as 1/1000. When the layer of oil is well 
formed, the pressure between the solid surfaces is really 
borne by the fluid, and the work lost is spent in shearing, 
that is, in causing one stratum of the oil to glide over an- 
other. 

In order to maintain its position, the fluid must possess a 
certain degree of viscosity, proportionate to the pressure; 
and even when}this condition is satisfied, it would appear 
to be necessary that the layer should be thicker on the ingo- | 
ing than on the outgoing side. We may, I believe, expect | 
from Prof. Stokes a further elucidation of the processes in- 
volved. In the mean time, it is obvious that the results al- 
ready obtained are of the utmost value, and fully justify the 
action of the Institution in devoting a part of its resources 
to experimeutal work. We may hope indeed that the ex- 
ample thus wisely set may be followed by other public 
bodies associated with various departments of industry. 

I can do little more than refer to the interesting observa- 
tions of Prof. Darwin, Mr. Hunt, and M. Forel on ripple- 
mark. The processes concerned would seem to be of a 
rather intricate character, and largely dependent upon fluid 
viscosity. It may be noted indeed that most of the still ob- 
scure phenomena of hydro-dynamics require for their eluci- 
dation a better comprehension of the laws of viscous motion. 
The subject is one which offers peculiar difficulties. In 
some problems in which I have lately been interested, a cir- 
culating motion presents itself of the kind which the mathe- 
matician excludes from the first when he is treating of fluids 
destitute altogether of viscosity. The intensity of this mo 
tion proves, however, to be independent of the coefficient of 
viscosity, so that it cannot be correctly dismissed from con- 
sideration as a consequence of a supposition that the viscosi- 
ty is infinitely small. Tbe apparent breach of continuity 
can be explained, but it shows how much care is needful in 
dealing with the subject, and how easy it is to fall into 
error. 

The nature of gaseous viscosity, as due to the diffusion of 
momentum, has been made clear by the theoretical and ex- 
perimental researches of Maxwell. A flat disk moving in its 
own plane between two parallel solid surfaces is impeded by 
the necessity of shearing the intervening layers of gas, 
and the magnitude of the hinderance is proportional to 
the velocity of the motion and to the viscosity of the gas, so 
that under similar circumstances this effect may be taken as 
a measure or rather definition of the viscosity. From the 
dynamical theory of gases, to the development of which he 
contributed so much, Maxwell drew the startling conclusion 


that the viscosity of a gas should be independent of its dens- 


One of the most startling of Langley’s conclusions relates to 
the influence of the atmosphere in modifying the quality of 
solar light. By the comparison of observations made through 
varying thicknesses of air, he shows that the atmospheric ab- 


sorption tells most upon the light of high refrangibility; so | 


that to an eye situated outside the atmosphere the sun would 
present an decidedly bluish tint. It would be interesting to 
compare the experimental numbers with the law of scatter- 
ing of light by small particles given some years ago as the 


result of theory. The demonstration by Langley of the in- | 


adequacy of Cauchy’s law of dispersion to represent the re- 
lation between refrangibility and wave-length in the lower 
part of the spectrum must have an importaut bearing upon 
optical theory. 

The investigation of the relation of the visible and ultra- 
violet spectrum to various forms of matter has occupied the 
attention of a host of able workers, among whom none 
have beew more successful than my colleagues at Cambridge, 
Profs. Liveing and Dewar. The subject is too large both 
for the occasion and for the individual, and I must pass it 
by. But, as more closely related to optics proper, I cannot 
resist recalling to your notice a beautiful application of the 
idea of Doppler to the discrimination of the origin of certain 
lines observed in the solar spectrum. If a vibrating body 
havea general motion of approach or recession, the waves 


emitted from it reach the observer with a frequency which | 


in the first case exceeds, and in the second case falis short, of 
the real frequency of the vibrations themselves. The con- 
sequence is that, if a glowing gas be in motion in the line 
of sight, the spectral lines are thereby displaced from the 
position that they would occupy were the gas at rest—a 
principle which,fin the hands of Huggins and others, has led 
to a determination of the motion of certain fixed stars rela- 
tively to the solar system. But the sum is itself in rotation, 
and thus the position of a solar spectral line is slightly dif- 
ferent, according as the light comes from the advancing or 
from theretreating limb. The displacement was, I believe, 
first observed by Thollon; but what I desire now to draw at- 
tention to is the application of it by Cornu to determine 
whether a line is of solar or atmospheric origin. For this 
purpose a small image of the sun is thrown upon the slit of 
the spectroscope, and caused to vibrate two or three times a 
second, in such a manner that the light entering the instru- 
ment comes alternately from the advancing and retreating 
limbs. Under these circumstances a line due to absorption 
within the sun appears to tremble, as the result of slight 


alternately opposite displacements. But if the seat af the| 


absorption be in the atmosphere, it isa matter of indifference 
from what part of the sun the light originally proceeds, and 
the line maintains its position in spite of the oscillation of 
the image upon the slit of the spectroscope. In this way 
Cornu was able to make a discrimination which can only 
otherwise be effected by a difficult comparison of appear- 
ances under various solar altitudes, 

The instrumental weapon of investigation, the spectro- 
scope itself, has made important advances. On the theo- 
retical side, we have for our guidance the law that the op- 
tical power in gratings is proportional to the total number 
of lines accurately ruled, without regard to the degree of 
closeness, and in prisms that ii is proportional to the thick- 
ness of glass traversed. The magnificent gratings of Row- 
land are a new power in the hands of the spectroscopist, and 
as triumphs of mechanical art seem to be little short of per- 


| whole of the black region, soon after its formation, is of 
| uniform thickness, the passage from the black to the colored 
| portions being exceedingly abrupt. By two independent 
methods they have determined the thickness of the bluck film 
| to lie between seven and fourteen millionths of a millimeter; 
so that the thinnest films corresponds to about one-seven- 
| tieth of a wave-length of light. The importance of these 
results in regard to molecalar theory is too obvious to be in- 
| sisted upon. 
ACOUSTICS. 


| The beautiful inventions of the telephone and the phono- 
| graph, although in the main dependent upon principles long 
since established, have imparted a new interest to the study 
of acoustics. The former, apart from its uses in every-day 
life, has become in the hands of its inventor Graham Bell, 
and of Hughes an instrument of first class scientific impor- 
tance. The theory of its action is still in some respects ob- 
scure, as is shown by the comparative failure of the many 
attempts to improve it. In connection with some explana- 
| tions that have heen offered, we do well to remember that 
molecular changes in solid masses are inaudible in them- 
selves, and can only be manifested to our ears by the gene- 
ration of a to-and-fro motion of the external surface ex- 
tending over a sensible area. If the surface of a solid re- 
mains undisturbed, our ears can tell us nothing of what goes 
on in the interior. 

In theoretical acoustics progress has been steadily main- 
tained, and many phenomena whick were obscure twenty or 
thirty years ago lave since received adequate explanation. 
If some important practical questions remain unsolved, one 
reason is that they have not yet been definitely stated. A\- 
most everything in connection with the ordirary use of our 
senses presents peculiar difficulties to scientific investigation, 
Some kinds of information with regard to their surroundings 
are of such paramount importance to successive generation 
of living beings, that they have learned to interpret indica- 
tions which, from a physical point of view, are of the 
slenderest character. Every day we are in the babit of 
recognizing, without much difficulty, the quarter from which 
a sound proceeds, but by what steps we attain that end has 
not yet been satisfactorily explained. It has been proved that 
whep proper precautions are tuken we are unable distinguish 
whether a pure tone (as from a vibrating tuning-fork held 
over a suitable resonator) comes to us from in front or from 
behind. This is what might have been expected from an a 

jort point of view; but what would not have been expected 

s that with almost any other sort of sound, from a clap of 
the hands to the clearest vowel sound, the discrimination is 
not only possible, but easy and instinctive. In these cases 
| it does not appear bow the possession of two ears helps us, 
though there is some evidence that it does; and even when 
sounds come to us from the right or left, the explanation of 
the ready discrimination which is then possible with pure 
| tones is not so easy as might at first appear. We should be 
| inclined to think that the sound was beard much more loud- 
ly with the ear that is turned toward than with the ear that 
| is turned from it, and thatin this way the direction was 
| recognized, But if we try the experiment we find that, at 
| any rate with notes near the middle of the musical scale, the 
| difference of loudness is by no means so very great. The 
wave-lengths of such notes are long enougb in relation to the 
| dimensions of the head to forbid the formation of anything 
| like a sound shadow in which the averted ear might be 
| sheltered, 


| 
| 


MAXWELL. 


In concluding this imperfect survey of recent progress in 
| physics, I must warn you emphatically that much of great 
| importanee has been passed over altogether. I should bave 
| liked to speak to you of those far-reaching speculations, 


ity—that within wide limits the resistance to the moving| fection, In our own report for 1882 Mr. Mallock has de- ! especially associated with the name of Maxwell, in which 
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light is regarded as a disturbance in an electro-magnetic 
medium. Indeed, at one time I had thought of taking the 


scientific work of Maxwell as the principal theme of this, general education; and it can bardly be denied that their 


address. But, like most men of genius, Maxwell delighted 
in questions too obscure and difficult for hasty treatment, 
and thus much of his work could hardly be considered upon 
such an occasion as the present, His biograpby has recently 
been published, and should be read by all whoare interested 
in science and in scientific men, His many-sided character, 
the quaintness of his humor, the penetration of his intellect, 
his simple but deep religious feeling, the affection between 
son and father, the devotion of husband to wife, all combine 
to form a rare and fascinating picture. To estimate rightly 
his influence upon the present state of science we must re- 
gard not only the work that he executed himself, important 
as that was, but also the ideas and the spirit which he com- 
municated to others. Speaking for myself as one who in a 
special sense entered into his labors, I should find it difficult 
to express adequately my feeling of obligation. The impress 
of his thoughts may be recognized in much of the best work 
of the present time. As a teacher and examiner he was well 
acquainted with the almost universal tendency of unin- 
structed minds to elevate phrases above things; to refer, for 
exampie, to the principle of the conservation of evergy for 
an explaination of the persistent rotation of a fly-wheel, al- 
most in the style of the doctor in“ Le Malade Imaginaire,” 
who explains the fact that opium sends you to sleep by its 
soporitic virtue, Maxwell's endeavor was always to keep the 
facts in the foreground, and to his influence, in conjunction 
with that of Thomson and Helmholtz, is largely due that 
elimination of unnecessary hypothesis which is one of the 
distinguishing characteristics of the science of the present 
day. 
SCIENCE AND EDUCATION, 

In speaking unfavorably of superfluous hypothesis, let 
me not be misunderstood, Science is nothing without 
generalizations, Detached and ill-assorted facts are only raw 
material, and in the absence of a theoretical solvent have 
but little nutritive value. At the present time and in some 
departments the accumulation of material is so rapid that 
there is danger of indigestion. By a fiction as remarkable 
as any to be found in law, what bas once been published, 
even though it be in the Russian language, is usually spoken 
of as ‘‘ known,” and it isoften forgotten that the rediscovery 
in the library may be a more difficult and uncertain process 
than the first discovery in the laboratory. In this matter we 
are greatly dependent upon annual reports and abstracts, 
issued principally in Germany, without which the search 
for the discoveries ofa little-known author would be well- 
nigh hopeless. Much useful work has been done in this 
direction in connection with our Association. Such critical 
reports as those upon hydrodynamics, upon tides, and upon 


spectroscopy, guide the investigator to the points most re- | 


quiring attention, and in discussing past achievements con- 
tribute in no small degree to future progress, But, though 
good work has been done, much yet remains to do. 

If, as is sometimes supposed, science consisted in nothing 
but the laborious accumulation of facts, it would soon come 
to a standstill, crushed, as it were, under its own weight. 
The suggestion of anew idea, or the detection of a law, 
supersedes much that had previously been a burden upon the 
memory, and by introducing order and coherence facilitates 
the retention of the remainder in an available form. Those 
who are acquainted with the writings of the older electricians 
will understand my meaning when I instance the discovery 
of Ohm's law as astep by which the science was rendered 
sasier to understand and to remember. Two processes are 
thus at work side by side—the reception of new material and 
the digestion and assimilation of the old; and as both are 
essential, we may spare ourselves the discussion of their 
relative importance, One remark, however, should be made. 
The work which deserves, but I am afraid does not always 
receive, the most credit is that in which discovery and ex- 
planation go hand in hand, in which not only are new facts 
presented, but their relation to old ones is poiuted out. 

In making one’s self acquainted with what bas been done 
‘in any subject, it is good policy to consult first the writers 
of highest general reputation. Although in scientific mat- 
ters we should aim at independent judgment, and not rely 
too much upon authority, it remains true that a good deal 
must often be taken upon trust. Occasionally an observa- 
tion is so simple and easily repeated, that it scarcely matters 
from whom it proceeds ; but as a rule it can hardly carry 
full weight when put forward by a novice whose care and 
judgment there bas been no opportunity of testing, and 
whose irresponsibility may tempt him to ‘‘ take shots,” as it 
is called. Those who have had experience in accurate work 
know how easy it would be to save time and trouble by 
omitting precautions and passing over discrepancies, and 
yet, even without dishonest intention, to convey the im- 
pression of conscientious attention to details. Although the 
most careful and experienced cannot hope to escape occa- 
sional mistakes, the effective value of this kind of work de- 
pends much upon the reputation of the individual responsible 
for it, 

In estimating tue present position and prospects of experi- 
mental science, there is good ground for encouragement. 
The multiplication of laboratories gives to the younger 
generation opportunities such as have never existed before, 
and which excite the envy of those who have had to learn 
in middle life much that now forms part of an undergraduate 
course, As to the management of such institutions, there is 
room for a healthy difference of opinion. For many kinds of 
original work, especially in connection with accurate 
measurement, there is need of expensive apparatus ; and it 
is often difficult to persuade a student to do his best with 
imperfect appliances when he knows that by other means a 
better result could be attained with greater facility. Never- 
theless it seems to me important to discourage too great re- 
liance upon the instrument-maker. Much of the best original 
work bas been done with the homeliest appliances ; and the 
endeavor to turn to the best account the means that may be 
at band develops ingenuity and resource more than the 
most elaborate determinations with ready-made instruments, 
There is danger otherwise that the experimental education 
of a plodding student should be too mechanical and artificial, 
so that he is puzzled by smali changes of apparatus much as 
many schoolboys are puzzled by a transposition of the letters 
in a diagram of Euclid. 

From the general spread of a more scientific education we 
are warranted in expecting important results. Just as 
there are some brilliant literary men with an inability, or 
at least a distaste practically amounting to inability, for 
scientific ideas, so there are a few with scientific tastes whose 
imaginvations are never touched by merely literary studies. 
To save these from intellectual stagnation during several im- 
portant years of their lives is something gained; but the 
thoroughgoivg advocates of scientific education aim at much 


|more. To them it appears strange, and almost monstrous, 
that the dead languages should hold the place they do in 


supremacy is the result of routine rather than of argument. 
|1 do not myself take up the extreme position. doubt 
whether an exclusively scientific training would be satisfac- 
| tory; and where there is plenty of time and a literary apti 
| tude, I can believe that Latin and Greck may make a good 
foundation. But it is useless to discuss the question upon 
| the supposition that the majority of boys attain either to a 
| knowledge of the languages or to an appreciation of the 
| writings of the ancient authors. The contrary is notoriously 
| the truth; and the defenders of the existing system usually 
| take their stand upon the excellence of its discipline. From 
| this point of view there is something to be said. The laziest 
| boy must exert bimself a little in puzzling out a sentence 
| with grammar and dictionary, while instruction and super- 
| vision are easy to organize and not too costly. But when 
| the case is stated plainly, few will agree that we ean afford 
| so entirely to disregard results, In after life the intellectual 
lenergies are usually engrossed with business, and no further 
opportunity is found for attacking the difficulties which 
block the gateways of knowledge. Mathematics, especially. 
if not learned young, are likely to remain unlearned. I will 
not further insist upon the educational importance of matb- 
ematics and science, because with respect to them I shall 
[ene be supposed to be prejudiced. But of modern 
anguages I am ignorant enough to give value to my advo- 
jeacy. I believe that French and German, if properly 
| taught, which I admit they rarely are at present, would go 
far to replace Latin and Greek from a disciplinary point of 
view, while the actual value of the acquisition would, in 
the majority of cases, be incomparably greater. In half 


Or 
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devotees. In other departments of human life and interest 
true progress is rather an article of faith than a rational be- 
lief; but in science a retrograde movement is, from the na- 
ture of the case, almost impossible. Increasing knowledge 
brings with it increasing power, and great as are the tr. 
umphs of the present century, we may well believe that they 
are but a foretaste of what discovery and invention have yet 
in store for mankind. Encouraged by the thonght that our 
labors cannot be thrown away, let us redouble our efforts jn 
the noble struggle, In the old world and in the new, re- 
cruits must be enlisted to fill the places of those whose work 
isdone. Happy should I be if, through this visit of the As 
sociation, or by any words of mine, a large measure of the 
youthful activity of the West could be drawn into this sery- 
ice. ‘The work may be hard, and the discipline severe, but 
the interest never fails, and great is the privilege of achieve 
meut, 


EDUCATED ANIMALS EXHIBITED AT PARIS. 


In all ages the intelligence of animals has been taken ad- 
vantage of to amuse the public. The learned dogs who play 
dominoes, monkeys who sweep and fence, or who perform 
as riders in spite of themselves, and even canary birds who 
play cards, have long since contributed to the success of 
side-show exhibitions. Such exhibitions are not without 
interest for the observer, and it has seemed to us that it 
would be also of interest to represent bere the remarkable 
exercises of educated animals that the Parisian public has 
had an opportunity of witnessing this winter, At the Bou- 
levard Circus we had the pleasure of seeing a juggler of 
wenderful address, who performed all his exercises while 
standing upon a horse running around the ring. This man 


EDUCATED 


| the time usually devoted without success to the classical 

languages, most boys could acquire a really serviceable 
| knowledge of French and German, History and the seri- 
| ous study of English literature, now shamefully neglected, 
| would also find a place in such a scheme. 

There is one objection often felt to a modernized education, 
| ag to which a word may not be withoutuse. Many excellent 
| people are afraid of science as tending toward materialism. 
| That such apprehensions should exist is not surprising, for 
unfortunately there are writers, speaking in the name of sci- 
ence, who have set themselves to foster it, It is true that 
among scientific men, as in other classes, crude views are to 
be met with as to the deeper things of aature; but that the 
| life-long beliefs of Newton, of Faraday, and of Maxwell are 
inconsistent with the scientific habit of mind is surely a pro- 
position which I need not pause to refute. It would be easy, 
however, to lay too much stress upon the opinions of even 
| such distinguished workers as these. Men whodevote their 
| lives to investigation cultivate a loveof truth for its own 

sake, and endeavor instinctively to clear up, and not, as is too 
often the object in business and politics, to obscure a difficult 
i So far the opinion of a scientific worker may have 
|a special value; but Ido not think that he has a claim, supe- 
rior to that of other educated men, to assume the attitude 
ofa prophet. In his heart he knows that underneath the 
| theories that he constructs there lie contradictions which he 
| cannot reconcile. The higher mysteries of being, if penetra- 
ble at all by human intellect, require other weapons than 
those of calculation and experiment 
Without encroaching upon grounds appertaining to the 
theologian and philosopher, the domain of natural science 
is surely broad enough to satisfy the wildest ambition of its 


ANIMALS RECENTLY EXHIBITED AT PARIS. 


| had educated some pigeons in a truly extraordinary man- 
ner. A dozen of these birds having been let loose in the 
, middle of the circus, they all began to fly in a group around 
; the ring in one direction and the other at the will of their 
} master. The juggler held a perch in his hand, and, at a sign 
| from him, the pigeons came at once to settle thereon, while 
he stood upon the galloping horse. At the same representa- 
tion there was a clown who put some geese through all the 
exercises tbat are performed by trained horses, such as 
walking in step, trotting, galloping, lifting the right or the 
left foot, running round the ring in one direction or the 
| other, jumping over bars, etc. The same clown put a stag 
through the same maneuvers. This animal jumped through 
three paper-covered hoops, as shown in our engraving. 

At another exhibition, given at the Folies Bergeres, a 
black hog, dressed as a nurse and standing upon his hind 
legs. trundled over the stage a pig dressed like an infant. 
A clown picked up the pig, removed its clothes, and amid 
shouts of laughter from the spectators, caused it to squeal 
terribly. Another hog, at the will of his master, went 
through all the evolutions of a horse at liberty, such as 
jumping over bars, etc. Finally, this educated hog was a 
little later on furnished with a saddle, and, being mounted 
by a monkey dressed like a jockey, jumped over bars witb 
his rider. 

What wonderful patience and tenacity is necessary on 
the part of the exhibitors of these animals, which, as a ge- 
neral thing, are mere fags that passively obey through fear 
of being punished! 

It is in most cases through bad treatment that these men 
succeed in compelling the poor beasts to submit to exercises 


that scarcely amuse them. 


f | 
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AQUARIA IN FRAMES. 
The curious aquarium frames which are illustrated here- 


with, and which any one can easily make, we recently saw | 
The receptacle for the | 


at the house of a lover of science, 
fish and other aquatic animals consists of a zinc box left 
open iD front for the reception of a sheet of thick glass, 


found to contain 41°63 per cent. of sulphide instead of 12°43 
percent. A piece of cgpper and sulphur after four years 
contained 20°86 per cent. of cupric sulphide instead of 8°49 
per cent. 

As a result of the experiments it is shown that while pres- 
sure exerts a strong influence in the union of bodies, the 


| amount of the compound formed is dependent besides upon 


which is heldin place by means of a rim 6 or 7 millimeters | 


wide at the ends and bottom of the box. The joints are 
rendered water-tight by means of aquarium cement. The 
dimensions of the box may be varied to suit the taste, but a 


good average would be 19°5 inches in length by 15°75 inches | 


in height, and 6 inches in width atthe topand 2 at the 
bottom. The whole, when ornamented with a picture 
frame, is fixed to the wall by means of rings soldered to the 
upper edge of the box, 

Our engraving gives a view of two of these novel frames, 
one of them designed for fishes of various hues, and the 
otber for such aquatic animals as whirligigs, newts, tad- 
poles, etc, 

There might be added to these curiosities two other frames 
of the same kind, but having wire cloth at the ends and top, 
and serving to contain birds and living insects. In this case 
the glass would have to be vertical.—La Nature. 


THE UNION OF BODIES BY PRESSURE. 


SivcE the last report on this subject, W. Spring has been 
experimenting with the view of showing that the heat pro- 
duced by pressure is by no means as great us is generally 
supposed. In a late article he states that the only difference 
between the views of Jannetaz and himself is in the expla- 
nation of the cause of combination. Jannetaz claims that 
the union of bodies by pressure is due to the heat evolved in 
the very act of compression, whereas he (Spring) claims that 
the only heat produced is caused by the rubbing of the par- 
ticles against the walls of the inclosing vessel, and that ip 
the apparatus used in his experiments this friction is re 
duced to a minimum. He then attempts to prove both 
theoretically and experimentally that his view of the case is 
the correctone. A temperature of about 1,000 degrees, he 


states, is necessary to fuse bell metal, so that if the shining 
coating, mentioned by Jannvetaz as having been observed on 
a block of bell metal after compression, was due to the heat 
evolved by the pressure, the temperature arrived at must 
Now in all his 


have been in the neighborhood of 1,000°. 


the duration of contact of the substances and the intimacy 
of the mixture, and cannot be accounted for upon the sup- 
position of the evolution of great heat. 

It is probable, therefore, that if Jannetaz had worked more 
carefully to prevent friction in his apparatus, and had sub- 
jected his substances to more than one compression, his re- 


| sults would have been more in accord with those of Spring. 


—W. S. B. Amer. Chem. Jour. 


TEAK WOOD AND ITS PRODUCTION. 


Tue forests of Burmab and the Shan States to the east of 
it are the main source of the world’s supply of teak. They 
clothe with a dense vegetation the mountains which cover 
by far the greater part of those regions, the drainage of 
which finds its way to the Bay of Bengal by the great rivers 
Irawadi, Salween, and Sittang. The teak tree is found in 
these forests from the mouths of the rivers in latitude 16° 
north as far up «at least as latitude 26° in Lower or British, 
as well as in Upper or Independent, Burmah, and in the 
Shan States subject tothe King of Burmah and the King of 
Siam. It is a common mistake to suppose that teak forms a 
large proportion of the forest. In no case does it do so even 
when it is most plentiful, nor do the trees ever occur in very 
great quantity together to the exclusion of other trees. It 
usually grows in small patches of four or six trees together 
among other forest trees as large or larger than itself, and 
succeeds best on well-drained slopes at from 500 to 2,000 
feet above the sea level. On flat, ill-drained, or inundated 


land the growth is more rapid, but the wood is apt to be | 


frushy in grain and unsound at heart. It flowers in August, 
when its large, white, sweet-scented panicles of bloom, very 
much like a meadow-sweet in color, are a great beauty of 
the forest landscape, and mark out its position to the keen 
eye of the forester on the hill top, and its leaves fall in late 
February with those of the other deciduous trees among 
which it grows, again to shoot forth their tender green 
under tbe biazing sun of the hot weather toward the end of 


experiments the limit of contraction was reached before the 
piston had sunk in the cylinder one millimeter. Taking 
this as the distance throngh which the force acts, he shows 
that an equivalent of beat equal to 0.0165 calory is produced 
in effecting a pressure of 7,000 atmospheres. This would 
produce in bis cylinder a temperature of only 40°64°, mach 


below the fusing point of any of the substances used. In| 


the calculation maxima are taken, and the above result could 
never be reached experimentally. 

To verify the calculation, phoron, with a fusing point of 
28°, was subjected to 7,000 atmospheres pressure in a room 
whose temperature was 19°. Not the slightest indication of 
fusion was observable. Azoxy-benzene, fusing at 36°, was 
then tried with a similar result. 

Another experiment was then undertaken to show tbat the 
friction between the particles of a mixture could not evolve 
any appreciable amount of heat. 
subjected to 7,000 atm. pressure. 
block, and in no case tried did it explode. 


and age. 


AQUARIA IN FRAMES. 


April. In the interval great fires rage through the forests, 
but though they often check and distort the young plants 
and consume dead and felled trees, they do little damage to 
living trees of large size, unlike in this respect the great 
conflagrations in the resinous pine forests of America, which 
sweep away everything in their course. 

Under favorable conditions the teak tree attains great size 
It sometimes reaches 150 feet in height, and a di- 
ameter of 6 feet. Iv its youth its growth is rapid—a tree 
will reach 40 feet or more in thirty years—but as it ages its 
growth becomesslow. There has been a dispute as to the con- 
centric rings in it representing annual growth, but it seems 
to me now generally agreed that they do. It is easy to trace 
the annual rings in the earlier years, but as the tree in its 
greater age grows more slowly the rings run together, and it 
becomes very difficult to distinguish them. In a tree 8 feet 


Ordinary gunpowder was | in circumference I have counted 380 rings of annual growth, 
It formed a compact | so that the great trees of 6 feet diameter must have reached 


an age of several thousand years. Scientific foresters have 


The melting of the bell metal is explained by ®he fact that | differed as to the rate of growth, but the fact seems to be 


Jannetaz compressed his filings between two plates, and that | that it varies under various conditions. 


no attempt was made to prevent friction between these and 
the bell metal. 

After showing that the union cannot be the result of 
fusion, Spring undertakes to determine the amounts of the 
several compounds formed by successive compressions. He 
took copper, silver and lead, mixed them with sulphur in 
proportions to form CuS, Cu,8 Ag,S, and PbS, and subject- 
ed the mixtures to pressure. The resulting block was then 
filed and a portion treated with carbon bisulphbide, and the 
amount of sulphide formed thus determined. The remain- 
ing portion was again subjected to pressure, filed, and treat- 
ed as before. The amounts of the sulphides formed after 
one, two, four, and six compressions were found to be as fol- 
lows: 


After one compression. After two. Four. Six. 


Ag,8 451 percent. 12°43 percent. 46°74 per cent. 69°41 
PbS 1:32 19°34 28°08 4554 
8-49 16°95 24°02 34°60 
Cu,38 14°09 28°20 40°08 56 89 


The effect of filing was then investigated. A biock of the 
pressed mixture containing 12°43 per cent. of silver sulphide 
was ground very fine and then examined, when it was found 
to contain 13°60 per cent. 

Other blocks which had been prepared for some time were 
next examined, to determine the effect of duration of con- 
tact. A block composed of silver and sulphur, which had 
been compressed and allowed to stand about a year, was 


| 


On the whole it 
seems that the average teak log of commerce produced from 
a tree of about 6 feet in girth represents an age of about 100 
years. In quality of grain the teak varies considerably, and 
foresters reckon several varieties, which may be classed 
broadly into two divisions, smooth and rough grain, of 
which the former is the better. There are also varieties 
of hardness, of color, and of weight, but botanically there is 
no distinction, and the variations appear to be caused by 
differences in the conditions of growth, though what these 
are it is difficult to discover. 
is the most important commercially, has been supposed to 
be owing to a difference of soil, of exposure, or of drain- 
age, but I have seen trees of smooth and rough grain grow- 
ing close together under apparently precisely the same con- 
ditions as regards those points. It is fancied by some con- 
sumers that teak shipped at Moulmein, and drawn therefore 
from the Salween Forests, is always of the smooth-grain va- 
riety and sounder, but this is a complete mistake. The gen- 
eral conditions of growth in the forests draining into the Sal- 


ween are the same as in the forests draining from the west , 


side of the same range of hills into the Irawadi and Sittang, 
in fact it is simply a question of water-shed whether timber 
goes to Rangoon or Moulmein. The smooth-grain variety 
is quite as common in the forests of the Irawadi and Sit- 
tang, which find an outlet at Rangoon; and the great con- 
suming markets of the Clyde and the Tyne, as well as the 
French and other foreign governments, have realized that 
the quality of Rangoon timber is quite equal to that of 


The difference of grain, which | 


Moulmein timber, while in certain other points the former is 
superior. 

Vhen teak is to be sent to market the first operation is to 
ring or girdle it, for cut green it will not float. The best 
time for girdling is generally thought to be after the fall of 
| the leaf, whenthe sap isdown. The girdler goes out with 
| bis dah—a kind of long knife like av attenuated butcher's 
chopper—and with it or a small ax chips through the bark 
and sap wood all round, a short distance above the ground, 
taking great care, if he is a good workman, to excise every 
part of the sap wood out of each flute and hollow of the 
tree. If he leaves the least bit of the sap wood, the tree will 
live on—though it be in a half-hearted way—and when cut 
down will not float. It is needless to say that the girdler 
has to exercise care io the selection of the trees, Among 
hard-wooded trees the teak is curiously liable to the attacks 
of various enemies. It is an especial favorite with creeping 
parasites, especially those of the fig tribe, and many a noble 
tree is strangled and twisted out of all usefulness in their 
deadly embrace. Worms, too, bore into it, woodpeckers 
tap it, in its youth wild elephants break off its top, and for- 
| est fires distort it, and in its age rot attacks its heart, so that 
| comparatively few trees are perfect in all points, and the 
forester has to use his skill in deciding on which labor may 
profitably be expended. He must be careful also not to gir- 
| dle undersized trees, as to do so would be unprofitable and 
| would destroy the succession. It is seldom worth while to 
| work out a tree under 6 feet in girth, or, say, about 100 
years old. The girdler hammers or cuts on a mark to iden- 
tify the work as his own. In two to three years, generally 
| not till the later time, the tree has become sufficiently sea- 
soned to float. Then come the feller and his mate, with 
| their small Burmese axes, and attack the tree, generally 
| above the buttresses, which sometimes extend as much as [2 
feet up from the ground, so that the {ellers have to erect 
stage to work on. The cuts are arranged so that the tree 
| may fall with the least chance of injury either to itself or its 
neighbors of its own tribe—often a matter of difficulty, 
Half to three-quarters of an hour of steady hewiog suffice 
|to bring down a 6-foot tree, and when it falls its crash re- 
| sounds far and near over the hills. Next the tree is trimmed 
| of its branches, and logged into one or two logs, according 
to its size and position, tor, if the ground be billy, or the 
spot far from the water, or the creek narrow and crooked, a 
very long or a very heavy log may be unmanageable. 
Dragging holes, or nepabs, also are cut, and into these the 
chains of the elephant, who now comes on the scene with his 
mahout and attendant, are fixed, and the log starts on its 
journey to the water. If the log be heavy, and the ground 
rough, the air is filled with the shrill trumpetings and loud 
roars of the overtasked elephant. Its work is often eased by 
rollers shifted from time to time, and in an old forest facili- 
tated also by the gradual wearing smooth of the dragging 
track. The time occupied in reaching the water, of course, 
varies much according to the distance and the nature of the 
ground. In newly opened forests where the timber is close 
to the water, an elephant will drag a number of logs in one 
day, while in old forests the distance may be many miles, 
sometimes ten or more, and an elephant will not drag more 
than thirty logs in a season. Nodraggingis done after Feb- 
ruary till the rains burst in June, for the elephant with all 
| his size is a delicate creature, and easily exhausted by labor 
|in the hot months. Arrived at the creek bed, the logs are 
| arrangéd side by side, care being taken to keep them from 
| the neighborhood of any heaps of dri!t and rubbish, lest the 
forest fires catching these extend to the logs, and a mark is 
hammered on by the elephant driver to identify the log as 
dragged by him, There the logs lie till the first rises float 
them off. But once floating, tbeir troubles are by no means 
over. The creeks are often rocky or sandy, generall 
crooked, often with precipitous beds, often again so shal- 
low that with high water the logs get over the banks. In 
the great majority of ‘cases, therefore, the journey of the 
logs to the main stream has to be helped by elephants, who 
oung or pusb the logs on in their course when they stick, 
separate them when they get jammed into a mass, and keep 
them within the banks if the water is too high Where the 
creek debouches into the main river, and if the latter be 
| large enough to admit of rafts floating, there is often a 
|thittaga or boom, formed either of twisted canes or of 
logs chained together, to prevent the timber drifting out 
into the main river, 

At the thittaga, where there is one, the rafting is general- 
ly done. The logs are taken one by one out into the main 
stream and made into rafts, consisting of from ten to one 

| hundred logs, according to the size of the river, and thence 
| they are floated down to Rangoon or Moulmein, the journey 
taking many months in case of rafts from the upper waters 
of the Irawadi. The point at which rafting isdone depends, 
of course, on the nature of the stream, the rule being to do 
it as high up as possible. On the Salween, owing to nume- 
rous rapids, rafting is impossible above a place called Kyo- 
dan, only eighty miles from Moulmein, where a great rope of 
canes is stretched across the river below the last rapid. To 
form the raft, the logs are tied together by canes, or ropes 
made of the inner bark of a certain tree called shaw, and 
the construction is strengthened by cross pieces of wood. 

At the ends are rowing places, which enable the rafts by 
cross rowing to be kept in the currents, The’ rafts are 
moored to the bank at night by Jong canes—150 feet or 200 
feet in lengith—or by shaw ropes. On the rafts are huts in 
which the raftsmen and their families live during their often 
long journey, a journey made longer in many cases jby the 
pleasure-loving Burman or Shan, who stops for days to watch 
a poay—Burmese drama—or a boat race, or a wrestling 
match, or to gamble. The rafts are dispatched in batches 
under the cure of a head man, who is held responsible for 
them. Inthe heavy water during the rains, or the strong 
spring winds on the broad Irawadi, rafts often break up, 
and the logs go adrift. 

If they are not recovered at once by the raftsmen, any one 
finding them is enti€led to a salvage payment, which varies 
on the different rivers, and they are from time to time col- 
lected from tbe sulvers by drift collectors who keep going 
up and down the river, These collectors raft up the logs at 
different points and dispatch them afresh. Till a few years 
ago rafts coming down the Sittang were exposed, in the 
lower part of that river, to the risk of meeting a dangerous 
bore whicb at spring tides runs, with a lofty crest and roar 
heard for many miles, up the wide mouth of that stream, 
and mapy thousand logs drifted irrecoverably to the Gulf 
of Martaban. Now there is a canal which takes off higher 
up the Sittang, and gets rid of this danger. Arrived at 
Rangeon or Moulmein, the raftsmen sre paid the balance 


due them over and above the advance made ut starting, and 
the logs are taken charge of by the owners, who siow them 
at Rangoon on land belonging to themselves or rented, and 
at Moulmein in a depot kept by government, who issue 
warrants, on which the banks will grant advances, 
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into scantlings. 
or round sides of the logs, which are taken off in the process 
of conversion into squares, After conversion the squares 
and scantlings are piled to await shipment, Till lately all 

the moving of the timber in the yards was done by ele- 
phapts trained for the purpose, but of late years, owing to the 
enhanced cost of elephants—a good tusker now costs as 
much as £350 or £400—their liability to epidemic disease, 

and inability to work at certain seasons, the tendency bas 
been to substitute mechanical appliances and cooly labor for 
elephant labor. From a sentimental point of view this is 
much to be regretted, as there are few more interesting 
sights in the world than the working of a well-trained mill 

elepbant, so wonderful in the intelligence and skill with 

whieh he will adapt his great aud yet not clumsy strength to 
the manipulation alike of a square two tons in weight and 

of a long board half an inch in thickuess, which the slight- 

est jar would break. 

The modes of payment both to forest owners and to for- 
est workers are many. The British Government keep 
their forests in their own hands and work out the timber 
through forest contractors, who deliver the timber at the 
rafting station on payment of certain rates per log accord- 
ing to size. The government then raft the timber down, and 
sell it by auction on their own account. The King of Bur- 
mah gives leases of his forests for terms of years, either for | 
certain rates per log, according to size and quality, or at a 
fixed sum annually, The Shan princes sometimes give 
leases, sometimes work the forests themselves and sel] the 
timber on the river bank or in the forest to dealers, who 
then float the timber down on their own account, and large 
amounts of money are taken up every year from Moulmein 
for the purpose of buying such timber. Girdling and fell- 
ing are generally paid in Burmab as piecework at so much | 
a tree, but in the Shan States the usual plan is to employ 
men at wages, 

Dragging is done sometimes by the forest leaseholder 
with his own elephants, he paying monthly wages to the 
driver and bis assistant, and to the various superintendents; 
and sometimes the dragging is done by contractors owning 
a few elephants or buffaloes each—three pairs of buffaloes 
are about equal to one elephant—who are paid so much per 
log according to size and quality delivered on the river, the 
logs being thence rafted down by the leaseholder. Rafts- 
men are generally paid at so much per log, with a deduc- 
tion at a fixed rate for logs lost on the way, Speaking gen- 
erally, every one, from the owner of the forest down to the 
raftsman, has to get advances, for the Burman or Shan of 
whatever class is but rarely of a se ving nature, and for this 
reason, as well as owing to the fact that in most forests large 
quantities of the timber are neaped every year, and that in 
some, from want of rain, it takes the timber as much as 
three years from the time it is felled to reach Rangoon or 
Moulmein, it wili be seen that foresting is a business which 
requires a large capital, with a long lock up, as well as great 
experience both of the country and people. 


NATIVE ANTIMONY. 


By Gro. F. Kunz. 

In a letter to Prof. Benj. Silliman, Jr., Dr. L. W. Bailey 
mentions the discovery of stibnite (see American Journal 
Seience, series 2, vol. 35, page 150, 1863) at Prince William 
Parish, a county of York, about 20 miles west of Frederick- 
ton, on the southwest side of the St. John River, New 
Brunswick. 

The lode has been traced for one-fourth of a mile by trial 
pits. Mention is also made of this locality in the report of 
Dr. L. W. Bailey (see ‘ Geology of New Brunswick,” 1865), 
and in a report on the Geology of Mr. Brown, by Henry 
Youle Hind, 1865). 

This locality was discovered about 1860, by a workman 
finding a bowlder in a field. This had the indication of 
some mineral, and the workman at once sent specimens to 
be examined by a chemist, who pronounced it an ore of 
antimony. 

After a time the land was found, by a commission from | 
the Crown, to be of considerable extent, and a rich deposit 
of antimony ore—stibnite. 

At the Prince William mine native antimony had been 
very sparingly observed, but not until operations were carried | 
on to a depth of over one hundred feet were the large de- 
posits of native antimony found. The Prince William Min- 
ing Company was formed, veins opened, and a great quan- 
tity of ore was shipped to England. But the American 
civil war coming on changed financial matters so much that 
all work was suspended until within the last four years. 
About $150,000 was wasted by a new company in mining 
and putting up the reduction works. This company, the 
Prince William, the Hibbard, and Lake George, were all 
absorbed in a new company, the Brunswick Antimony Com- 
pany, who purchased all the adjacent properties that showed 
indications of antimony, so that at times the company con- | 
trolled a tract of land three miles by five, containing many 
veins of the stibnite so conveniently situated that 300 tons 
of the ore can be mined daily for $1.50 per ton, and the | 
supply is practically inexhaustible. 

The rock is a thick argillate slate, traversed by veins of 

uartz calcite with stibnite, varying in width from 1 to 30 
feet. and at a lower depth with occasional large pockets of the 
native metal in a remarkably pure state. These pockets 
often contain over one ton of the native metal, associated 
with stibnite, valentinite. and kermisite. 

In its most common form the mineral is very compact | 
and at times finely granular, resembling very closely the 
native antimony of South Ham, Canada, and in this form it 
breaks at Limes with a slightly conoidal fracture, and has a 
decided steel blue color, The form in which it occurs is 
rounded and elongated masses, often 10 to 12 inches across. 
It passes ioto a finely granular form, a form very closely 
resembling the Borneo mineral, and it also occurs in appa- 
rent radiated masses of crystalline plates, These are single 
blades, as much as two inches in length and one-eighth of 
an inch across, and nearly as large as the artificial metal of 
commerce. 

In this form it is unexampled; these radiations seem to 
form around a common center as if the mineral bad cooled 
or crystallized slowly from without. One five mass of this 
thin white meta) measured over six inches across. Very 
sma!] crystals, 1 mm. in size, have been observed by me at 
the juncture, and mention was made to me that some large 
ones, said to be one-half inch across, had been observed, 


| ence in the rate of separation. 


but I was unah'e to find or see any of these. This mineral 


always contains a trace of arsenic, some gold and silver, and | 


may yet be worked for the two latter components. 


SepremBer 27, 1884. 


Stibnite occurs largely in massive form and in smal) di- 
verging blades, and also in large masses with these blades, 
from four to six inches in length and one-quarter of an inch 


—— 


ing, a neat and strong bend is — made. In use, the re- 


ceiver tube, 6, is held in the hand while the retort tube ig 
placed above a small flame. For a retort tube made from a 


across, and occasionally in small crystals in cavities, aud | 4 inch test tube, a 6 inch test tube makes a receiver of the 


usually all this mineral is of a very dark graphite color. 

The valentinite occurs in massive and granular forms; also 
in beautiful radiations. Between the seams in the native | 
antimony these radiations measure over one and one-half 
inches across, and at times in small hemispheres and also in 
small distinct crystals not over one-eighth of an inch in 
length. 

ermesite occurs in cavities in small tufts of erystals. | 
None were observed over one-half inch in length. Also in 
small hemispheres, as a rule, in the cavities in the native | 
antimony. ‘The color is from adark cherry red to nearly | 
black, and the fractured autimony is often streaked with 
this mineral, 

The writer is much indebted to Mr. C. E. Parsons of the 
Brunswick Antimony Company for his kindness in furnish- 
ing information, 

Dyscrasite, allemontite, seramontite, and native arsenic 
were not observed, although it is highly probable some of 
these may yet be found. 


(AmERLCAN CHeMicaL Journat.) 
NEW FORMS OF LABORATORY APPARATUS. 
By Epwarp Iarrt. 


I. APPARATUS FOR FRACTIONAL DISTILLATION. 

THe apparatus has the form shown in the figure. The 
bent tub before bending should be at least 2 feet long, but | 
may be of any length with a corresponding number of bends 
(the greater the length, the more perfect the separation), and 
an internal diameter of at least 5g inch. The principle is 


the familiar one of the ‘‘depblegmator.” The condensed 
portion here runs down, and at each bend passes around the 
inside of the tube, the vapor passing upward through the 
ring of descending liquid. A comparison with a Le Bel 
and Henniger tube* with 4 bulbs showed very little differ- 
The apparatus is preferable 
to that of Le Bel and Henniger by reason of its simplicity 
and small cost. It can be made by an amateur glassblower, 
while the former can be made only by a skilled workman. 


Il. A VALVE FOR USE IN STANDARDIZING PERMANGANATE. 


The valve shown has been in use for several years in this 
laboratory,and proves perfectly satisfactory. The trouble-with | 
the old forms (in one of which a slit is made in the side of a) 
rubber tube, and in the second a piece of rubber is pinned 
over a hole in a cork, and thts slipped over a tube leading 


| from the flask) is that however carefully they are made,they 


yet out of order very soon and become a nuisance. The li- 


“ay 


quid in the flask is rapidly heated as soon as the iron wire 
is introduced, and as soon as the wire is dissolved, boiled to 


expel all air, and the tube pushed down so that the opening, 


a, in the tube is inside the opening of the rubber cork, which | 


prevents the air from flowing back into the flask as it cools. | 
The tube is closed at d. The opening, a, is made either by 


filing crosswise with a rat-tail file or, better, by heating | ~ 


with a pointed flame and blowing an opening in the side of 
the tube. 

III. A RETORT AND RECEIVER FOR SMALL DISTILLATIONS. 

It is oftentimes inconvenient to usea retort in making small 
distillations, chiefly because it takes considerable time to fit up 
a retort stand. For such small distillations as the prepara- 
tion of chlorocbromie acid in testing for chlorine, the ice. 
ing arrangement is convenient: 


The retort tube, a, is made by bending a 6 inch test tube. 
If the tube is heated to redness and blown into while bend- 


* Berichte d. deut, chem. Ges, 7, 1084. 


proper size, For a6 inch retort tube an 8 inch test i 
needed. 


TREATMENT OF BOILS. 
Dr. SHOEMAKER: 

Deak Sir: Will you oblige an old student of yours by giv- 
ing him through the columns of The Bulletin the methods 
you employ at the Philadelphia Hospital for Skin Diseases 
for the treatment of “boils”? 1 find the ordinary methods 
very unsatisfactory. By so dving, you will confer a favor 
on Jas. R. Montcomery, M.D. 

Buckbam, Pa. 

[The exciting cause should receive attention. Boils are 
often due to general debility or an impoverished state of the 
blood. Iron, quinine, and the potassium salts have been 
found in such cases, used either alone or combined, most 
advantageous. For local application, strong carbolic acid 
will arrest the pain and relieve all irritability. Naphthol 
ointment, balsam of Peru, or a strong solution of the mer- 
curial corrosive chloride can be used with great benefit to 
the parts.—Epb.]— Phila. Bulletin, July. 
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